Ze EXA R ...the analog plus company” 


Sterling Electronics 
3540-D Pan American Freeway, N.E. 
Albuquerque, NM 87107 

Phone: 505/884-1900 


1995 


9 @© ee © 
™~* ee o a) 
a 9 eee ee 0 
meee ee ee 
met ceece 
aoe a 
o° >. eee 
meeeere 
‘8 e*eee8e 

* 6 6 


SJOL9BAUNS) abeyo/, MO] « 


swajsAsqns uolisinboy ejeg 
S19UBAUO4) Hojeuy-o}-jebig < 
SIBUBAUNY |eUbig-0}-Hojeuy « 


nA 
Al 


Data Acquisition Products 


eeeeeee8e?ee 


(( 


i EXAR 
/ N ...the analog plus company 


About The Company 


EXAR Corporation manufactures and markets standard products and application specific integrated circuits 
emphasizing the company’s mixed-signal design and test expertise. A pioneer in analog circuits since 1971, 
EXAR is strongly positioned as a key supplier for the worldwide mixed-signal IC market. EXAR calls itself the 
“analog plus”’M company in reference to its long history in analog, and its mixed-signal capability of combining 
analog, digital, EEPROM and switched capacitor filter (SCF) designs on the same silicon substrate. This 
capability, along with the company’s in-depth system expertise, allows EXAR to provide its customers with 
system level solutions. 


EXAR Corporation expanded its product offerings to include data converter products with the acquisition of 
Micro Power Systems Inc. in June 1994. Micro Power Systems, a recognized and innovative leader in the 
development of high-performance data-acquisition circuits, achieved market-share leader status as a 
supplier of data converters to the document-imaging industry for products such as scanners, digital cameras 
and digital copiers. 


As a company, EXAR focuses on the communications, consumer, computer peripheral and document 
imaging markets. EXAR addresses these markets with proprietary and alternate sourced standard products, 
and custom designs. The Company supports standard cell, full custom, standard cell/full custom and 
semi-custom designs technologies. EXAR has a wide variety of processes, such as a 6 micron high voltage 
bipolar, a 0.8 micron BiCMOS, and a 0.6 micron CMOS, to maximize circuit performance. 


EXAR is dedicated to providing its customers with a competitive advantage by delivering innovative high 
quality mixed-signal system solutions in the shortest time. EXAR supports its customers through 
experienced IC designers with systems knowledge, as well as an established worldwide Field Application 
Engineering (FAE) organization and an Application Engineering staff located at headquarters. 


EXAR is committed to the principal of Total Quality Management and the philosophy of continuous 
improvement. All employees have been trained in this area and the Company has full participation and 
support. Examples of EXAR’s quality goals include 95% on-time delivery and an out-going PPM level of less 
than 25. 


EXAR is ISO 9001 registered. The accrediting bodies are the Dutch Council for Certification (RVC) of the 
Netherlands, and the Registrar Accreditation Board (RAB) of the United States. 


EXAR Corporation is headquartered in San Jose, California with sales offices across the USA, Europe, Asia 
and Japan. 


Ordering Information 


Orders may be placed through your local EXAR office, authorized sales representatives or distributors. Call 
them for current pricing and availability or for any other questions you may have regarding EXAR products. 
The list of EXAR offices, Sales Representatives and Distributors are provided in Section 11. 
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NOTICE 


EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im- 
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits 
described herein, conveys no license under any patent or other right, and makes no representation that the circuits 
are free of patent infringement. Charts and schedules contained herein are only for illustration purposes and may 
vary upon a user’s specific application. While the information in this publication has been carefully checked; no 
responsibility, however, is assumed for inaccuracies. 


EXAR Corporation does not recommend the use of any of its products in life support applications where the failure 
or malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly 
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation 
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the 
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum- 
stances. 


Copyright 1995 EXAR Corporation 


Reproduction, in part or whole, without the prior written consent of EXAR Corporation Is prohibited. 
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tet DE n6e pha dek Shenae se kd eke Pe eo SeR ES pee Oe Ewe oe OEE ees a8 bows Ode Nae ace ee de PS 7-32 
9 caete be 264 conkoheaksanbavee naesdne ane wen Gan babe wee Hee ueeeee ty Ben dns Discontinued 
PP oe eo Oe oced one sede ahiwad ose bon doesn edhe buen ede che esse eee dah we eon ee nee BEE Het eee os 7-34 
MP7574 DIE 


MP7581 DIE 
MP7610 DIE 
MP7611 DIE 
MP7614 DIE 
MP7616 DIE 
MP7622 DIE 
MP7623 DIE 
MP7626 DIE 


MP7628 DIE 
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ih ag eee | ee ec ee cc ee a es Discontinued 


Te Le einatdnanen Aaseet sebneedees dee edenae swede cRRed en ehh ebeae aan ceweeawee Discontinued 
APPS le wagnes oer aadwe ed oie ose oss. nab dnandee eee cael ences bweotaedtanwineettateoaaata 7-54 
PO ew keg ed eersb tee ehu uw bus waa deren betes es nessa sen lancuedbaaeuswsyseauseeuen we 7-56 
MP Oo 2 IONS canard beanie edekekedus ea backs dine saedsctonedeeeenceieniecnete<giees Discontinued 
(gs: C4) |. i ee re ee en ere 7-58 
eo i a xedaeuseuees kre edeseek reeds tawewhedrh sb bonulhe vaee Deeeeeneereewkees Discontinued 
Pee DUE, coschartewaeunananue ayecatadatennu dh eanvaras cos nee ashes ease ahadeseadweess 7-60 
MP Peed Oe ai eumense ceetnse cache eee ehene eas deen meeeneGae nae hse cok enaw en sees Discontinued 
Der ae OS paw ad aead chawnkenebawecherun nse ued byes eunes shee dea x beurenaedwakeenks esos weet 7-62 
NE no a0 cee ead nacke eae eeu ew ie ew eet s pentru wnleee ec ane ese ane saewa nese dmae ets Discontinued 
PIP POO ON. earch ode cee dub dueteessreus ress dG aedheue nets wae yh e ech na cena eae ieee os 7-64 
MP Fess OIE occtegenarehedis othe cere agi ahewrer dGecereene chu cnneenehas caswnen cheno Discontinued 
JS of | i ee ee ee er. rer 7-66 
Pe De ea rec ca teas ar kked case bewuee cus uae Saucedo eee ae dau be eee eee acevo ets Discontinued 
Pe ced sc cua qeduaton esa pean sees e Rees iss Bee Reach een beoks nee eee RS co euesenee 7-68 
ET Oe 0s 44245098. 5494ns ca os hen EEE 85h 4 Res Rhee Apa aK ee nha T eee eed bees ah esedsau Be 7-70 
FD Ee cena nang See eSUEYS LOSE AE ERGATA IEEE SERUM ADE MORONS DEE EAN Eee BN ees Baa oe 7-72 
PP Ne ce nnae aren eeeeg bo sense ban puke See OAK A Oabe Rees eae ne ches SAG eae sensabenenasade 7-74 
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Current Output DAC Application NOG ..-cccccnacntcesey Pat anes B4a Rk a OE KRM He Dee Eee ew ee 8-5 
MPSAN21 Video Digitizer and Variable Range A/D Converter ................ 0.00 e eee. 8-13 
MPSAN22 Using The MP7641 (& MP7651) In Two And Four Quadrant 

MUMIDIGS ONNGUPANONS <:cctancika dcaxanawktanesceehetaaeecen eneneu beuspune 8-19 
MPSAN23 Software Controllable Filters Using The MP7641 ............ 20.0... ccc eee eee eee 8-29 
MPSAN24 Spice Macromodel For The MP7641 2... ce scence ease eee cm cee sence eeewen es 8-39 
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MPSAN26 MP8795 / General High Speed ADC Evaluation Circuit .....................0... 8-47 
MPSAN27 Compensating For Zero Order Hold Effects .......... 0.0... ccc cece eee eee 8-51 
MPSAN28 Frequency Response Effects Of Oversampling And 

Averaging On A/D Output Data ....... 0. ccc eee eens 8-55 
MPSAN29 Criteria For Accurate Sampling Of Analog Signals ............... 00.00 ce eee eee 8-59 
MPSAN3O CMOS Current Output D/A Converter Design Concepts For Wide 

BSW AO MICAS aa en veh ceed aes 240s das RSE SSE UG OEH SRO HETENS LOC Ewe Gwe ots 8-61 
MPSAN31 Adding External Input Resistance To The MP3274/3276 Provides Flexible 

Fault Control, Gain Control And Antialiasing ........... 0.000 ccc eee cece ee eee eee 8-65 
MP8784AB MP8784AB Application Board Documentation ............ 0.0000 cee eee eee ee eee 8-71 
MP8785AB MP8785AB Application Board Documentation ............ 0.0.00 ccc eee eee 8-87 
MP8791AB MP8791AB Application Board Documentation ............. 0.0.2 c cece eee ees 8-103 


Section 9 — Packaging Information 


Package 

Reference No. 
8 Lead Plastic Dual-In-Line (300 MIL PDIP) .................. a qebege eigude o44 ohne caaseeaas 9-5 
14 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ Pi osubeceauns eae an neccedoeuess 9-6 
16 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ iG «ace kewaceneassetaeeeen ups 9-7 
18 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ UE et.cee vans ede sae ted eee 6 ed adhe 9-8 
20 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ eon sak awe tee aed ad aeeaeenet = 9-9 
22 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ WAZ cbasax dee neG twrebenwod wereus 9-10 
24 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ NINES sha con Fhe deneekadg eds oA 9-11 
24 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ P26 x6 e eae sar easnsnwes chews 9-12 
24 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ Nee ant rhe de pan Gown aen ak Roan 9-13 
28 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ PINZS sacevatddnn tecnkn dee bea ee 9-14 
28 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ NV 25 ¢ kow dened heeovoks anewenan 9-15 
28 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ eG ape ads careurtesbtctuskaraad 9-16 
40 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ [Ad twrehe asa ebee se eokwasews ead 9-17 
8 Lead Ceramic Dual-In-Line (300 MIL CDIP) ............... Oy stip eseceve eu oun daey eeeee nee 9-18 
14 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. (TS canned tae whe pee ade ecwen eee 9-19 
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18 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. lt een awevesanse hens ys Gua nans 9-21 


20 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. ee ee ne 9-22 
22 Lead Ceramic Dual-In-Line (400 MIL CDIP) .............. (nee rahe ane deaaen sew eee asus 9-23 
24 Lead Ceramic Dual-In-Line (8300 MIL CDIP) .............. DINGS oa6 cds reared ean eve eusanes 9-24 
24 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. oo er re eee ae 9-25 
28 Lead Ceramic Dual-In-Line (800 MIL CDIP) .............. DNZS eiovecvnvaeeeawaseiaasans 9-26 
28 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. We ct pene apiebewenen cope xed oes 9-27 
40 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. (WE sb ekeo ane Ate bay oe bee bee wes 9-28 
20 Lead Ceramic Side-brazed Dual-In-Line 

(200 WIL SVE DEP) vce xusdcavwunveeonennn (pot eeen sen nn pews 2D peu ack ahd cue kes teerasnan ene 9-29 
24 Lead Ceramic Side-brazed Dual-In-Line 

(GOO MIL SE DIP occ cwd dake sees ee nabew en van eeeneeeacees (Mean ees ORG EEE KE Seen aes ae dee 9-30 
28 Lead Ceramic Side-brazed Dual-In-Line 

(S00 MIL SVS. DIP) jon cast evsadiveesd hatsbewansedcectoedss Co tencuetcapdveanenea oeavdeus 9-31 
20 Lead Plastic Leaded Chip Carrier (PLCC) ................ Pal) cue adee weedestundocnes 45a ke 9-32 
28 Lead Plastic Leaded Chip Carrier (PLCC) ................ Po ue aw ee rakadn ce taue bane ae 9-33 
44 Lead Plastic Leaded Chip Carrier (PLCC) ................ Pa yapacwesaeidetyeswecany wens 9-34 
52 Lead Plastic Leaded Chip Carrier (PLCC) ................ PES s chen casa ain eee enee ned aed 9-35 
68 Lead Plastic Leaded Chip Carrier (PLCC) ................ Peo wkbriven ser ne aan aaneakans e 9-36 
20 Terminal Leadless Chip Carrier (LCC) ................... Le? opis enensgivat ier hee ewe bees 9-37 
28 Terminal Leadless Chip Carrier (LCC) ................... Pe wieee oe nan genes vee en woe 9-38 
8 Lead Small Outline (150 MIL JEDEC SOIC) ............... 2 hud cbueeese ks MeeAe ene nae a wes 9-39 
16 Lead Small Outline (150 MIL JEDEC SOIC) .............. SPIN see cee rake aes een oeneew ees 9-40 
16 Lead Small Outline (300 MIL JEDEC SOIC) .............. SL: a a re 9-44 
18 Lead Small Outline (300 MIL JEDEC SOIC) .............. Cie Gn chea nek oun oes awaoeedae eo 9-42 
20 Lead Small Outline (800 MIL JEDEC SOIC) .............. Ot sean evan awa ede etesaawedey 4 9-43 
24 Lead Small Outline (300 MIL JEDEC SOIC) .............. Coan wes Cue k ows was A ees eee bes 9-44 
28 Lead Small Outline (300 MIL JEDEC SOIC) .............. Boo o654tc wet ene dae essen vances 9-45 
28 Lead Small Outline (346 MIL JEDEC SOIC) .............. DVS ask een ewetion wb anna eeg ss 9-46 
20 Lead Small Outline Package (300 MIL EIAJ SOIC) ........ PINE. guy api peesea sek as ease ned 9-47 
24 Lead Small Outline Package (300 MIL EIAJ SOIC) ........ PINGS. cicceetwexve cea dueendauns 9-48 

L. lA SOI) kote e dena ae vaws R24 


24 Lead Small Outline (835 MIL EIAJ SOIC) 


ee 8 ee 8 
ROOD EDC LPO RS £3 Pi + ra Brot ™ 
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arnoaracneate oie nH OSes SS a Site os = 
Soe : Pes Se SS eee = : SESS See SS s 


Bold Print — New Product XIV *Preliminary 


28 Lead Small Outline (335 MIL EIAJ SOIC) ................ 5g. PEER ePET TOT ETC eT TET Tee 9-50 


20 Lead Shrink Small Outline Package (SSOP) .............. PE sae ciseae 6 ere vei Ghee es 9-51 
24 Lead Shrink Small Outline Package (SSOP) .............. Fe t ineaewtiukerth adware ker anne 9-52 
28 Lead Shrink Small Outline Package (SSOP) .............. POS 6 cegunawscaauee cohen neranst 9-53 
20 Lead Thin Shrunk Small Outline (300 MIL TSSOP) ........ Eee fc dsuue Phew uned+eedeannde os 9-54 
44 Lead Plastic Quad Flat Pack 

(4mm * 14mm POPP. METRIC) ...6sc.ec0escacdncesseeuns G4: cncsnsasaaienebeeeekewm een 9-55 
44 Lead Plastic Quad Flat Pack 

10mm K 10mm POFP: METRIC) 10. c.cccccceeenssadecnsna es CPISS nsccnseucepacheupeawaereee 9-56 
52 Lead Plastic Quad Flat Pack 

(140% 14mm POPP, METRIA evcccuinsehecever eed eeacas Oe camsutsetetastieeneussvasy 9-57 
52 Lead Plastic Quad Flat Pack 

(10min & 10mm POF, METRIC) cxcsncssccsvcavaneveawenns LANOe oben eras eases ga0 ads oda 9-58 
64 Lead Plastic Quad Flat Pack 

(14mm * 14mm POPP, METRIG) ..ccase<ceavcvedaverars ve’ Oe? s.cerde ep eekeenqeducanw ewe 9-59 
68 Lead Ceramic Quad Flat Pack (CQFP) .................. POF ckeceoxvednaetowneesscnenns 9-60 
4A Lead Pin Grid Anay (PGA) scccccoccseavsccwxecdrevnnvas Se tiexoeant sewekenee nuda eee 9-61 
68 Lead Pin Grid Atray (PGA) ..cecccsccscscavcaecavcanesas OO gaceawdewnesceeseauen verses 9-62 
2 Lead TO-52 Metal Can ....ccccccnsece yes nee seeestecnns TNE: geeee oteeeeehecesetipws was 9-63 
6 Lead 10-52 Weta Gah acsccndcdeaweueeeenwrdagatun dunes TES: geousuccaves cueentace cae ec 9-64 
| Lead PIASHG TO! 6 sevcnrtecsewseworevavbsewests dese sens Ie wane cwecauderd sake wednee ens 9-65 
Teeth tia Fae PeON Aes wep cudwngesesetaes een ten een ae enh de ekeieae Geka ree ane hes adanysc 9-66 


Section 10 — Definitions 


Digital-to-Analog Converter DeINHIONS 2.2.5 6.c ve ccscsecgesscnw ees avea nee nisate cus ens ies eae 10-4 


Anaiwa-to-Digtal Convert DEMNONE: sniededereewcenednne bane se Bade aces Fee eR dee daee eee 10-6 


Section 11 — Worldwide Representatives & Distributors 


Regional and Intemational Sales: OMS: ...cccnnceeiscrsnercennd Rew ee ROR MO KERN AE Ree ae eRe 11-5 
Authorized Domestic Sales Representatives: .. 2... 665 csec eee ese wea sees eee wes eeewee cau eawenas 11-6 
Purine DSOUIONS «send ews ne dee kenn seb 68 co bees2 Pens Re sedans reseed hd Rees ek eee ER eee x 11-8 
Authorized International Sales Representatives ......... 0.0... ccc eee eee eee 11-13 
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MP0820 


(EeuG eb nee awe deuan nes DON GEES MAEGNET Hee CRG TELa sb ew Evans ceueecuuie Discontinued 


MP1208/9/10 Microprocessor Compatible, Double-Buffered, 12-Bit Digital-to-Analog Converter .. 4-11 


MP1230/31/382 Microprocessor Compatible, Double-Buffered 12-Bit Digital-to-Analog Converter ... 4-17 


MP1230A CMOS Microprocessor Compatible Double-Buffered 12-Bit 
31A/32A Digital-to-Analog Converter ..... 0... ccc ccc eee nee teen e tenn e tenes 4-25 
MP3274 Fault Protected 32 Channel, 12-Bit Data Acquisition Subsystem ................. 3-11 
MP3275 Fault Protected 16 Channel, 12-Bit Data Acquisition Subsystem ................. 3-23 
MP3276 Fault Protected 16 Channel, 12-Bit Data Acquisition Subsystem ................. 3-35 
e022 eke bb ondwcdidew ste oa eakoe beewund bedaen cd Bea 7s dehans snueeesowees os Discontinued 
PSe0GA «mie eke caw pubeanawd aus abaedeat-doe 8h. puss saeee cane ns 4edene wero es Discontinued 
MP5010 Very Low Tesnpeo 1.2 Voll AGIerenee . 22. cexdvea ex kews wer nev atest wider aewee owe 3-5 
feo shee vudvines ddedenbap deer asdaseaue see caus nae deen eh heen cya we stan ieee Discontinued 
Fer genpegeueecubyonerwasohdeebaudesbepaee ash votes tdasentewiea nae peenass Discontinued 
PIPPI  é#é$iupkevpeteeturcaa chs uaszady hug peddsdaee ade bE a RO Weed nUs o0eeKes Discontinued 
MP7226 BiCMOS Fixed, Quad, Voltage Output, Single or Dual Supply 8-Bit 

Digital-to-Analog Converter .......... 0. ccc ccc ce ccc eee eee teen een ene neee 4-33 
MP7228 BiCMOS Fixed, Octal, Voltage Output, Single or Dual Supply, 8-Bit 

Digital-to-Analog Converter .... 2... ccc ccc ccc een e teen ee ene teeneeeaceneues 4-45 
Cre 28 sed onetodcbedeng see dasfuseseyesuanwad ceemavepern eevee barge eeu se ny ae Discontinued 
METS 8 § seegkhtaneeeddnacteoube uss peeuUe sd yhecee dhad cea endadbsetageae ese ceews Discontinued 
MEE Oe2 Start cenghatenv ieee Regn dheeen ene ape dh dncds Gra debe ew cewrews an PRO aH Discontinued 
MP7523 15 V CMOS, Multiplying, 8-Bit Digital-to-Analog Converter ...................... 4-57 
MP7524 CMOS, Buffered Multiplying, 8-Bit Digital-to-Analog Converter .................. 4-61 
MP7524A CMOS, Buffered Multiplying, 8-Bit Digital-to-Analog Converter .................. 4-71 
MP7528 CMOS, Dual Buffered Multiplying, 8-Bit Digital-to-Analog Converter .............. 4-81 
MP7529A 15 V CMOS, Dual Buffered Multiplying, 8-Bit Digital-to-Analog Converter .......... 4-91 
MP7529B 5 V CMOS, Dual Buffered Multiplying, 8-Bit Digital-to-Analog Converter ........... 4-97 
MP7533 15 V CMOS, Multiplying, 10-Bit Digital-to-Analog Converter ..................... 4-103 
MP7541 15 V CMOS, Multiplying,12-Bit Digital-to-Analog Converter ..................... 4-107 
MP7541B 15 V CMOS, Multiplying, 12-Bit Digital-to-Analog Converter ..................... 4-109 
MP7542 5 V CMOS, 4-Bit Input, 12-Bit Digital-to-Analog Converter 
MP7543 5 V CMOS, Serial Input, 12- Bit Digital- -to- eal ee 
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MP7545 CMOS, Buffered Multiplying, 12-Bit Digital-to-Analog Converter ................. 4-127 


MP7545B CMOS, Buffered Multiplying, 12-Bit Digital-to-Analog Converter ................. 4-137 
MP75L24 Low Voltage CMOS Buffered Multiplying 8-Bit Digital-to-Analog Converter ......... 5-7 
MP75L43 Low Voltage CMOS Serial Input 12-Bit Digital-to-Analog Converter ............... 5-15 
MP75L45 Low Voltage CMOS Buffered Multiplying 12-Bit Digital-to-Analog Converter ....... 5-21 
Seo 2 dba eehaneges Meee 55 nbene ae maeRen oes ase ee tanpeeee ae oeek Rese ress Discontinued 
Pros cauetapaauare? oeobess sathoonenauape cee ranges capi eie caucus eee enn ve Discontinued 
MP7610 Octal 14-Bit DAC Array’ D/A Converter with Output Amplifier and 

Serial DatavAddress uP Control LOGIC ..........0ccces ves sue eew vee cuaeseeenes 4-145 
MP7611 Octal 14-Bit DAC Array'™ D/A Converter with Output Amplifier and 

Parallel Data/Address uP Control Logic ........ 0... ccc ee eens 4-157 
MP7612 Octal 12-Bit DAC Array™™ D/A Converter with Output Amplifier and 

Serial DatafAddress uP Control Logie .. 0.2... cee cect ce sees ces cee seenbevanes 4-169 
MP7613 Octal 12-Bit DAC Array'™™ D/A Converter with Output Amplifier and 

Parallel Data/Address uP Control LOGIC ..... 2... eee eee 4-181 
MP7614 15 V CMOS, Multiplying, 14-Bit Digital-to-Analog Converter .................... 4-193 
MP7616 15 V CMOS, 16-Bit Multiplying, Digital-to-Analog Converter .................... 4-197 
Pee} sew bende oed ete nedes dan unntwen EAE Se ae wanes one oaks ceeds SG s ae Discontinued 
(RPfee 8 = ee eM ahed aah age OM onde -ahws ane bot one ENS Rawr oe by He eb eeae bun Oras ces Discontinued 
MP7623 15 V CMOS, Multiplying, 12-Bit Digital-to-Analog Converter .................... 4-201 
MP7626 Microprocessor Compatible, Buffered Multiplying, 16-Bit 

Digitalio-ANalod CONVEMG! . 2.625655 cee over deneeeeee sense dae dene uedonv ees 4-203 
MP7628 5 V CMOS, Quad Multiplying, 8-Bit Digital-to-Analog Converter ................. 4-209 
MP7633 15 V CMOS, 10-Bit Multiplying, Digital-to-Analog Converter .................0.. 4-217 
MP7636A 15 V CMOS, Microprocessor Compatible, Double-Buffered, Multiplying 16-Bit 

Digtal-to-Arialod Convene! ....cacecevcee ens eed austaue sew cee eee ensue eeeew ewes 4-223 
MP7641 8-Channel Voltage Output, 10 MHz Input Bandwidth, 8-Bit Multiplying DACs 

EN Stra sia PO c owaoe se o0k cose deesous Ges cee KAva ORE OES ONE whEy HA on eee x 4-231 
ecco 8 8 8§fAew SE GENS ROR SdH DAE HER EM EHD Eee ede TesenSisths Kay Rens den be eee eeneeee Discontinued 
MP7643 4-Channel, Programmable Gain Voltage Output, 15 MHz Input Bandwidth 8-Bit 

DACs with Multiplying Parallel Digital Data Port ................ 0.0.0... 00 eee 4-251 
MP7645 15 V CMOS, Buffered Multiplying, 12-Bit Digital-to-Analog Converter ............ 4-259 
MP7645B CMOS Buffered Multiplying, 12-Bit Digital-to-Analog Converter ................. 4-261 
MP7651 8-Channel Voltage Output, 10 MHz Input Bandwidth, 8-Bit Multiplying DACs 


with Serial Digital Data Port and 
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MP7652 


MP7670 


MP7680 
MP7682 
MP7683 
MP7684 
MP7684A 
MP7685 
MP7686 
MP7690 
MP7690A 
MP7693 
MP7695 
MP7696 
MP76L86 


MP76L90 


MP7783 
MP87091 


MP87092 


MP87095 
MP87098 


MP87099 


MP87198 


MP8775 
MP8776 
MP8780 


4-Channel Voltage Output, 15 MHz Input Bandwidth, 8-Bit Multiplying DACs 
with 3-Wire Serial Digital Port and Independent References .................... 4-283 


8-Channel, Voltage Output, 5 MHz, 4 Quadrant Multiplying 8-Bit D/A Converter 
wih seral Digital Data POR. .6cecascnscnus as son Pan 208s bee ROK NAL RAE ROR BOS OM 4-295 


5 V CMOS, 12-Bit Quad Double-Buffered, Multiplying Digital-to-Analog Converter . 4-307 


CMOS 6-Bit, High Speed, Analog-to-Digital Converter .............. 0.0.0.0. 000 3-47 
CMOS 8-Bit, High Speed, Analog-to-Digital Converter .............. 0.0.0.0 cca 3-55 
CMOS 8-Bit, High Speed, Analog-to-Digital Converter ............. 0.0.0.0. cues 3-65 
CMOS 8-Bit, High Speed, Analog-to-Digital Converter ............ 00.00.00. eee, 3-77 


CMOS 6-Bit, High Speed, Analog-to-Digital Converter ................... 0000005 3-89 
CMOS Programmable Input Range, 8-Bit, High Speed, Analog-to-Digital Converter 3-99 
CMOS Programmable Input Range, 8-Bit, High Speed, Analog-to-Digital Converter 3-111 


CMOS Low Power, 8-Bit Analog-to-Digital Converter ............... 000000000 ee 3-121 
1 MSPS, CMOS Very Low Power, 10-Bit Analog-to-Digital Converter ............ 3-133 
CMOS Very Low Power, 9-Bit Analog-to-Digital Converter ....................5. 3-143 
Low Voltage CMOS Programmable Input Range 6-Bit High Speed Analog-to-Digital 
Ce au.4a eo aoe oe nd edne bond 04% bee 1d Rae Ue eae dane 468-seswuN een so 4auxs 5-25 
Low Voltage CMOS Programmable Input Range 8-Bit High Speed Analog-to-Digital 
COV SNE conde deen easneecsbesbn oes eas ise cee ode h ae das wee ste Hed hex onas 5-33 
CMOS Low Power, 8-Bit Analog-to-Digital Converter ............... 000000 eeu 3-145 
CMOS 750 KSPS, 12-Bit, Analog-to-Digital Converter with Parallel Logic 
(ac cle: ar? | 2 ae sn ar a ne a a Pe er ee eee ee 3-305 
CMOS 750 KSPS, 12-Bit, Analog-to-Digital Converter with Serial Logic 
eee PON cc0x oe Gao 2buender adh ane new cudbeds + eneaew awe ans hee oneeae yen ds 3-313 
CMOS 750 KSPS, Very Low Power, 10-Bit Analog-to-Digital Converter .......... 3-321 
CMOS Very Low Power, 750 KSPS, 10-Bit Analog-to-Digital Converter with 
Ateneo vcak ena perd aed S08 seo RA SHS e HORE Dee SRE TEE ERK ON EES SIG Soe on 3-335 
CMOS Very Low Power, 750 KSPS, 10-Bit Analog-to-Digital Converter with 
PL ASHIE! WU cu, ode Koes Cond Hes bose dee rE K OIA OS LEER KOE heme reees 3-349 
CMOS Very Low Power, 1 MSPS, 10-Bit Analog-to-Digital Converter with 
PEE INS PAU inc wena 0965584 0s «ORTHO SoHE CRs BE Sew Ede ROT ROT RE ee eS pees 3-363 
CMOS 20 MSPS, 8-Bit, High Speed Analog-to-Digital Converter ................ 3-157 
CMOS 30 MSPS, 8-Bit, High Speed Low Power Analog-to-Digital Converter ...... 3-165 
eves BITE 
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MP8782 CMOS 5 MSPS, 10-Bit, High Speed Analog-to-Digital Converter ................ 3-185 
MP8784 CMOS 5 MSPS, 10-Bit, High Speed Analog-to-Digital Converter ................ 3-197 
*MP8784A CMOS 15 MSPS, 10-Bit, High Speed Analog-to-Digital Converter ............... 3-207 
MP8785 CMOS 20 MSPS, 8-Bit, High Speed Analog-to-Digital Converter ................ 3-209 
MP8786 CMOS 30 MSPS, 8-Bit, High Speed, Low Power, Analog-to-Digital Converter 

Wi PORE! DOWN o0a0 04000550 e408 0052404 seen ede phe asks SEW dns HOS ONE One eReses 3-217 
MP8790 2 MSPS CMOS, 12-Bit, Analog-to-Digital Converter with Parallel and Serial Logic 

WCNACe POM 2 ws chu wns che ened wev dew bona Gen ees ¥4RT KEK WhO Dw ESC Tee OT Ak ee 3-227 
MP8791 CMOS, 2 MSPS, 12-Bit Analog-to-Digital Converter with Parallel Logic 

NSTIGES FOR cca neon cee nen 6 4ysdvatnk ¥ O00 Tere wed een bee PhR RK AN eee Oe 3-237 
Polos. isan cagesed oeee ee ees Maes Wee Hees abe eee a See Hee BE 2 oe oS sewn OES HERE Discontinued 
MP8795 CMOS 1 MSPS, Very Low Power, 10-Bit Analog-to-Digital Converter ............ 3-245 
MP8796 CMOS 1 MSPS, Very Low Power, 10-Bit Analog-to-Digital Converter ............ 3-259 
MP8798 CMOS Very Low Power, 1 MSPS, 10-Bit Analog-to-Digital Converter with 

ACACIA oneeencke adstad caved nos hue ee sh endeh ed Rthewdeet arena oe ie 3-273 
MP8799 CMOS Very Low Power, 1 MSPS, 10-Bit Analog-to-Digital Converter with 

Ge Ue aa hea vee wks ood Suec 038 Odes bod RES OK ew abw oye nee Ba Ob Sehoens 3-289 
MP87L75 Low Voltage CMOS 8-Bit High Speed Analog-to-Digital Converter ................ 5-41 
MP87L76 CMOS 10 MSPS, 8-Bit High Speed, Low Power Analog-to-Digital Converter with 

Peer OE): wecks wns rake ove cade ubase aR oan eee ae Soe GEE Gar UEhs cease es 5-49 
MP87L82 Low Voltage CMOS 10-Bit 2 MHz Analog-to-Digital Converter ................... 5-59 
MP87L84 Low Voltage CMOS 10-Bit 2 MHz Analog-to-Digital Converter ................... 5-69 
MP87L85 Low Voltage CMOS 8-Bit High Speed Analog-to-Digital Converter ................ 5-77 
MP87L91 Low Voltage CMOS 12-Bit High Speed Analog-to-Digital Converter with Parallel 

Logie INteHaGe POI 2... cnc scnennenes eens cau nee nee nsee eee nsecee serene eeanens 5-85 
MP87L92 Low Voltage CMOS 12-Bit High Speed Analog-to-Digital Converter with Serial 

odie WROISCS PON, oon vecewhe sce ar cseekavenes ches oande civ ane ne eane aegis 5-91 
MP87L95 Low Voltage CMOS Very Low Power 10-Bit Analog-to-Digital Converter.......... 5-101 
MP87L98 Low Voltage CMOS Very Low Power 10-Bit, Analog-to-Digital Converter with 

GATE PK ceaaaed nae e eet asa een heke dewe 040 Ce newt Sie De eevee Ses bee eds 5-113 
MP87L99 Low Voltage CMOS Very Low Power 10-Bit, Analog-to-Digital Converter with 

SONS) DW hans kyo wves cee cook nee eee ane GES Bees See ae Ee One e eae Gee 5-127 
MP8820 8-Bit Analog-to-Digital Converter with an 8-Channel MUX ...................... 3-379 
MP8830 Triple 10-bit, High Speed, Analog-to-Digital Converter with Digitally 

Conrad ETEISIGES . onc xc ed pcdadocnsadcuneeateawed nen sna Gad wae denaewnen 3-389 
*MP8831 10-Bit, High Speed, Analog-to-Digital Converter with Digitally 

Gontrolied RGTerenOeS ..c0cccansendesnewene seas dew eeee ent hea seo oee eek eaande 3-407 
MP8840 8-Channel Voltage Output, 2 MHz, 4 Quadrant Multiplying, 8-Bit DAC 

with Serial Digital Data Port woe. 4317 
Bold Print — New Product Xix * Preliminary 


uP Bus 
P—Parallel 
S-Serial 


Resolution 
(Bits) 


VREF 
Range 


Part No. 


Max # 
Speed Power Chan. 
225 1 


MP8790 2 MSPS ¥ 12, P/S POFP 
MP8791 2 MSPS 225 1 ¥ 12, P PDIP, SOIC 
MP3274 15uS 200 32 ¥ 8/12, DP, P/S PGA, PLCC 
MP3275 15uS 16 Y S POFP 
MP3276 15uS 16 7 8/12, uP, P/S PGA, PLCC 
MP87091 750 KSPS 1 Y +2, F PDIP, SOIC 
MP87092 750 KSPS 1 T PDIP, SOIC 
MP8782 10 5 MSPS 1 ¥ PQFP 
MP8784 10 5 MSPS 1 Y PDIP, SOIC 
**MP8784A 10 15 MSPS 1 Y PDIP, SOIC 
MP7695 10 1 MSPS 60 1 ¥ PDIP, CDIP, SOIC 
MP8795 10 1 MSPS 50 1 vy PDIP, SOIC 
MP8796 10 1 MSPS 50 1 Y SOIC 
MP8798 10 1 MSPS 50 4 ¥ PDIP, SOIC, SSOP 
MP8799 10 1 MSPS 50 8 i POFP 
MP87198 10 1 MSPS 50 4 Y PDIP, SOIC, SSOP 
MP87095 10 750 KSPS 50 1 ed PDIP, SOIC 
MP87098 10 750 KSPS 50 4 Y PDIP, SOIC, SSOP 
MP87099 10 750 KSPS 50 8 Y 10,P POFP 
_wpress_[ 8 [_awsps [so [7 | ¥ | iesv_[__aP__[___ POR SOC 
MP8775 8 20 MSPS 125 1 Y 1to5 V 8, PDIP, SOIC, SSOP 
MP8776 8 20 MSPS 150 1 ¥ 1to5V 5. PF PDIP, SOIC, SSOP 
MP8785 8 20 MSPS 125 1 Y 1to5 V S.P SOIC, PDIP 
MP8786 8 20 MSPS 150 1 Y 1to5V 3, FP SOIC, PDIP, SSOP 
MP8780 8 15 MSPS 425 1 ¥ 1to5V 8, P PDIP, SOIC 
MP7684A 8 14 MSPS 425 1 y 1tosV PDIP, CDIP, SOIC 
MP7690A 8 14 MSPS 425 1 Y 1to5V CDIP 
MP7684 8 10 MSPS 450 1 Y 1to5V PDIP, CDIP. SOIC 
MP7690 8 10 MSPS 450 1 Y 1to5V CDIP 
MP7683 8 3 MSPS 180 1 Y 1to5V PDIP, CDIP, SOIC, SSOP 
MP7693 8 3 MSPS 180 1 ¥ 1to5V PDIP, SOIC, PLCC 
MP7783 8 2.5 MSPS 180 1 5 4 1to5V PDIP, SOIC 
MP8820 8 1.6 MSPS 22 8 ¥ 0.5to1.5V SOIC, SSOP 


<< 


5 
MP7686 20 MSPS 200 1to5V 6, P PDIP, CDIP, SOIC 
MP7682 15 MSPS 250 1to5V 6, P PDIP, CDIP, SOIC, LCC 


Analog-to-Digital Converters with Gain and Offset Control 


Gain Offset uP Bus 
Resolution Max # Track Control Control VREF P—Parallel 
Part No. (Bits) Speed Power | Chan. | /Hold (Bits) (Bits) Range S—Serial Pkg 
MP8830 10 1.25 MSPS 700 os ¥ 1V PGFP 
**MP8831 10 1.25 MSPS 250 1 b 1V SOIC 
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TOM 


MP7616 
MP7626 
MP7636A 
MP7610 
MP7611 
MP7614 
MP7612 
MP7613 
MP7680 
MP1208 
MP1209 
MP1210 
MP1230 
MP1230A 
MP1231 
MP1231A 
MP1232 
MP1232A 
MP7541B 
MP7542 
MP7543 
MP7545 
MP7545B 
MP7645B 
MP7533 


s 
. 


MP7633 
MP7641 
MP7651 
MP7670 
MP8840 
MP7643 
MP7652 
MP7226 
MP7628 
MP7528 
MP7529A 
MP7529B 
MP7228 
MP7523 
MP7524 
MP7524A 
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Operating Voltage 


Range 
4.5 to 16V 
4.5to 16.5 V 
4.5to 16.5 V 
+12/-12 V 
+12/-12 V 
4.5to16V 
+12/-12 V 
+12/-12 V 
4.5to5.5V 
4.5to16V 
45to16V 
4.5to16V 
45to16V 
4.5to16V 
4.5to 16V 
45to16V 
45to16V 
4.5to16V 
45to16V 
4.5165.5 V 
45to5.5V 
45to16V 
45to16V 
45to16V 


PDIP, CDIP, SOIC 
PDIP, CDIP, PLCC 
SOIC 
PDIP, SOIC 
PQFP, PGA, PLCC 
PDIP, CDIP, SOIC 
PDIP, SOIC 
PQFP, PGA, PLCC 
PDIP, CDIP, PQFP 
PDIP, CDIP 
PDIP, CDIP 
PDIP, CDIP 
PDIP, CDIP 
PDIP, CDIP, SOIC 
PDIP, CDIP, SOIC 
PDIP, CDIP, SOIC 
PDIP, CDIP 
PDIP, CDIP, SOIC 
PDIP, CDIP, SOIC 
PDIP, CDIP, SOIC 


PDIP, CDIP, SOIC, PLCC 
PDIP, CDIP, SOIC, PLCC 


PDIP, SOIC, PLCC 
PDIP, CDIP 


I/M 4Q 4.5to16V PDIP, CDIP, SOIC, PLCC 
I/M 4Q 45to16V PDIP, CDIP, SOIC, PLCC 


VVUVVUVVUVUUUNAVTMAMNN NM 


+5,+5,+10V 


+5 V 
—5,+5V 
-5,+5V 

+5,+5,4+10V 
+5,+5,4+10V 
+5/15 V 
4510 5.5 V 
45to16V 
45to16V 
4A5to5.5 V 
+5/15 V 
45to16V 
45to16V 
45to16V 


PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC 
PDIP, SOIC, PLCC 


PDIP, CDIP, SOIC, PLCC 
PDIP, CDIP, SOIC, PLCC 


PDIP, SOIC, PLCC 
PDIP, SOIC, PLCC 


PDIP, CDIP, PLCC, SOIC 


PDIP, CDIP, SOIC 


PDIP, CDIP, SOIC, PLCC 


PDIP, SOIC 


| = Current Output, V = Voltage Output, F = Fixed Reference, M 2Q = Two Quadrant Multiplying, M 4Q = Four Quadrant Multiplying 
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Low Voltage 3.3 V Digital-to-Analog Converters 
(3.0 to 3.6 V Operation, Tested at 3.0 V. For Performance at 2.7 V, Contact Local Sales Representative) 


Buffered or Parallel Operating Voltage 
Double Buffered or Serial Range 


3.0 to 3.6 V PDIP, SOIC 
MP75L43 3.0 to 3.6 V PDIP, SOIC 
MP75L45 3.0 to 3.6 V PDIP, SOIC, SSOP 
Definitions 
| = Current Output 


M 4Q = Four Quadrant Multiplying 


Low Voltage 3.3 V Analog-to-Digital Converters 
(3.0 to 3.6 V Operation, Tested at 3.0 V. For Performance at 2.7 V, Contact Local Sales Representative) 


Resolution Max Track/ VREF 
Part # (Bits) Speed Power hs ah Hold Range uP Bus Pkg 


| MP87L91 i 12 1 MSPS 1to3V 12 [ PDIP, SOIC.C*™” 
MP87L92 12 0.5 MSPS 1to3 V 12 PDIP, SOIC 


< 


MP87L82 2 MSPS 1 Y 

MP87L84 10 2 MSPS 50 1 ¥ 10 PDIP, SOIC 
MP87L95 10 0.25 MSPS 10 1 ¥ 10 PDIP, SOIC 
MP87L98 10 0.25 MSPS 10 v 10 PDIP, SOIC, SSOP 
MP87L99 10 0.25 MSPS 10 8 ¥ 10 PQFP 
MP76L90 8 5 MSPS 45 1 Y 8 PDIP, SOIC 
MP87L75 8 10 MSPS 35 1 Y 8 PDIP, SOIC, SSOP 
MP87L85 8 10 MSPS 35 1 ¥ 8 PDIP, SOIC 
MP87L76 8 10 MSPS 35 1 Y 8 PDIP, SOIC, SSOP 


—s 
< 
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TOM 


MIXX 


MP7686 


MP76L86 


MP7682 


MP76L90 
MP7683 
MP7693 
MP7783 
MP8820 


he EXAR 
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Analog-to-Digital Converters 


MP76L75 
MP87L85 
MP7684 
MP7690 
MP7684A 
MP7690A 
MP8780 
MP8785 
MP8775 
MP87L75 
MP87L85 
MP87L76 
MP76L90 


MP7696 


MP87L95 
MP87L98 
MP87L99 


<30 MHz 


MP8776 
MP8786 


MP8795 
MP8796 
MP7695 
MP8798 
MP8799 
MP87095 
MP87098 
MP87099 
MP87198 
MP87L82 
MP87L84 


MP8782 
MP8784 
MP8784A** 


<100 kHz 


MP3274 
MP3275 
MP3276 


MP87091 
MP87092 
MP87L92 


MP87L91 
MP8790 
MP8791 
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Digital-to-Analog Converters 


Current — DACs ne Output DACs / 
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MP7226 MP7612 MP7610 


a = = 


MP7651 
MP75L24 MP7529B MP7523 MP7529A MP7533 MP75L45 MP7542 MP7545 MP1208/9/10 | MP7614 MP7616 si ea 
MP7628 MP7524 MP7633 MP75L43 MP7543. MP7545B_ MP1230/31/32 MP7626 MP7652 

MP7528 MP7680 MP1230A/31A/32A MP7636A Li pe 

MP7524A MP7541B MP8840 


MP7645B 
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Low Voltage Products 


A/D Converters |} 


D/A Converters | 


Sees Bs 


MP76L86 


MP76L90 MP87L85 
MP87L75 
MP87L76 


MP75L45 


wre] [ere] [ie 


MP87L95 MP87L82 MP87L91 
MP87L98 MP87L84 MP87L92 
MP87L99 
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IAXX 


*MP8820(8) MP87098(4) 
MP87099(8) 
MP87L98(4) 
MP87L99(8) 


Multi-Channel ADCs 


Multi-Channel 


ADCs 


Siete 


MP3274(32) 
MP3275(16) MP87198(4) 


MP3276(16) 


VID 
/N 


High Speed | 
Sampling ADCs | 
>1 MHz 


nisin Seti ares tite 


10-Bit 
MP8798(4) 


MP8799(8) 


ADC/DAC 
Control 


*MP9808(8) 
**MP9802(2) 


**MIP9821 (2/2) 


ADC with Gain) 


and/or 


MP8830(3) MP7528(2) 
**MP8831(1) MP7529A(2) 
MP7529B(2) 

MP7628(4) 


Current 
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Multi-Channel 
DACs 


MP7680(4) 


Voltage | 


MP7226(4) MP7612(8) MP7610(8) 
MP7228(8) MP7613(8) MP7611(8) 
MP7641(8) 
MP7643(4) 
MP7651(8) 
MP7652(4) 
MP7670(8) 
MP8840(8) 
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General Information 


CNGEHME NTMI <iscreeessd yon canara nines 55% ate eee a sdnne dee eee ss bdod see bees dee gee aee.5: 1-5 
Cross Reference (Pin-for-Pin & Functional Equivalents) ........... 0.00. c cece ee eee eee ees 1-6 
Selector Guide — Analog-to-Digital Converters (All) 2.0.2.0... 0.0... ccc cece e teens 1-9 
Selector Guide — Analog-to-Digital Converters (Non-Compliant Flow) ..............00 cece eee eee 1-14 
Selector Guide — Analog-to-Digital Converters (5 Volt) ...... 0.0... cece eee eee ees 1-15 
Selector Guide — Analog-to-Digital Converters (3 Volt) ...... 0.0... ccc cece eee ees 1-19 
Selector Guide — Analog-to-Digital Converters (Subsystems) ............ 000 c cece eee eee 1-20 
Selector Guide — Digital-to-Analog Converters (All) ...... 2.0.0.0 cece teen eens 1-21 
Selector Guide — Digital-to-Analog Converters (Non-Compliant Flow) .......... 0... c cece eee eee 1-29 
Selector Guide — Digital-to-Analog Converters (5 V) ....... 0... cece cece eee eens 1-31 
Selector Guide — Digital-to-Analog Converters (3 V) ... 0... cece 1-39 
COMiierG a) PIGUUCIS FIGW bia6emtiecaparedencdey eon Gunner nee ann hue Te hee went een Wsewnsaneis 1-40 
Non-Conpiant MURTY FIOW ..2.cccsdiecesocesws ode tedees eisai ener er enr ek KR DeR CrNaeedaew 1-41 
eR Se CONGO oe na0 kann cow dew de ce kde bho eee eRe das Cod bw oeU Ee eewesa DRKE LaGehe DD ea Os 1-42 
Ofer EXAR Products AVGIADIG .csccooene sce e dee Peedee needs evaws weeude ede dent eed end edevee as 1-48 
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TCM 


Ordering Information 


Data Acquisition Products 


D/A and A/D Converters 


MP7541A T D /883 


| ~ L__ MIL-STD-883 Option 

Package Suffix: 
N = Plastic Dip P=PLCC 
D=Ceramic Dip L=LCC 
R = SOIC G=PGA 
S = SOIC CHIP = Chip or Die 
= PQFP Q=SSOP 
F= GOFP B= TSSOP 

Electrical Grade 

Improved Version (optional) 

Basic Product Number 

EXAR Designator 


Voltage References 


MP5010 N T Package Suffix: 


| N = Plastic TO-92 
R = SOIC 8-Pin 
T = Metal TO-52 
CHIP = Chip or Die 
Electrical Grade 
Basic Product Number 
EXAR Designator 


EXAR supplies its products in chip or die form for hybrid or multichip applications. Contact 
your sales representative for information or quotation. EXAR products are also available 


through chip processor, Chip Supply Inc. 
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Industry EXAR _ Pin for Pin Industry EXAR Pin for Pin Industry EXAR Pin for Pin Industry EXAR Pin for Pin 
P/N P/N Funct. Equiv. | P/N P/N Funct. Equiv. P/N P/N Funct. Equiv.| P/N P/N Funct. Equiv. 
Analog Devices Analog Devices (Cont'd) Analog Devices (Cont'd) Harris (Cont'd) 
AD1341 MP3274 FE AD7548 MP1231 FE PM7645 MP7645B PP(P2) | AD7545 MP7545B PP(P2) 
MP3275 FE MP1232 FE CA3300 MP7686_ PP(P3) 
MP3276 FE AD7574 MP7574 PP Binry Brown MP3306 PP 
AD1671 MP8790 FE AD7581 MP7581_ PP MP7682. PP 
MP8791 FE AD7586 MP8790 FE ADC603 MP8791 CA3306 MP7686_ PP(P3) 
MP8792 FE MP8791 FE ADS574 MP574A MP3306A 
AD363 MP3274 FE MP8792 FE ADS674 MP674 HI1175 MP8785 
MP3275 FE AD7628 MP7529A PP(P2) | ~aps77a4 MP774 MP8775 
MP3276 FE MP7529B FE ADS7810 MP87091 MP8776 
AD364 MP3274 FE AD774B MP774 PP MP87092 MP8786 
MP3275 FE AD7776 MP87095 FE ADS7819 - MP87091 H11176 MP8775 
MP3276 FE AD7777 MP87098 FE MP87092 MP8776 
AD390 MP7613 FE AD7778 MP87099 FE DAC4813.-«~ MP7613 MP8785 
AD392 MP7613 FE AD7820 MP0820 PP DAC4814 MP7612 MP8786 
AD567 MP1230 FE MP7683 FE DAC700 MP7616 HI-5700A MP7684A 
MP1231 FE MP7693 FE MP7626 HI-5701 MP7686 
MP1232 FE MP7783 FE MP7636 HI1-574A = MP574A 
AD574A MP574A_ PP AD7821 MP7683_ FE DAC702 MP7616 HI1-6744 = MP674 
AD589 MP5010 PP MP7693 FE MP7626 HI1-774 MP774 
AD671 MP8790 FE MP7783 FE MP7636 HI5800 MP8790 
MP8791 FE AD7824 MP0820 FE DAC703 MP7616 MP8791 
MP8792 FE AD7828 MP0820_ FE DAC708 MP7616 MP8792 
AD674 MP674 = PP AD7886 MP87091 FE MP7626 HI5801 MP8790 
AD7226 MP7226 PP MP87092 FE MP7636 MP8791 
MP8840 FE AD875 MP8784_ FE DAC7528. - MP7643 ICL8069 MP5010 
AD7228 MP7228 PP AD9003 MP8790 FE DAC7541.-~MP7541B 
MP8840 FE MP8791 FE DAC7545A  MP7545B . 
AD7237. ~—s« MP7613.—«#FE MP8792 FE a Linear Technology 
AD7244 MP7610 FE AD9005A MP8791 FE DAC7800 MP7612 LT1004 MP5010 
AD7247 MP7613 FE MP8792 FE DAC7801_ MP7613 LT1290 MP3274 
AD75069 + MP7613 FE ADC0820 MP0820 PP DAC7802.~« MP7613 MP3275 
AD7520 MP7533 PP(P1) | ADC574 MP5010 PP MP3276 
MP7633 PP(P1) | ADC674 MP674 PP 
AD7521 - MP7541B PP(P2) | ADC774. =~ MP774__—s PP Crystal Semiconductor os i 
AD7522 MP7522 PP DAC8408 MP7628 FE 
AD7523.  -MP7523. «PP DAC8229 MP7670 FE ee ee eee 
AD7524 MP7524A PP(P1) | DAC8412  MP7613 FE MP3275 
AD7528 MP7528 PP DAC8426 MP7652 FE MP3276 
AD7530 MP7633 PP(P1) | DAC8800  MP7641_ FE EXAR (T1296 MP3274 
MP7533 FE DAC8840  MP8840 PP MP3275 
AD7531 MP7541B PP(P2) | DAC8841  MP8840 FE MP7520 MP7633 MP3276 
AD7533 MP7533. PP PM7226 MP7226 PP MP7s21 MP7541B LTC1282  MP87L90 
AD7541 MP7541B PP(P2) | PM7226A  MP7643_ FE MP7530 MP7633 MP87L914 
AD7542 MP7542 PP PM7524 MP7524 PP MP7531 MP7541B LTC1283  _MP87L99 
MP1208 FE PM7528 MP7528 PP MP7682 MP7686 LTC1287.- MP87L.92 
MP1209 FE PM7533 MP7533_ PP 
AD7543 MP7543 PP PM7541 MP7541B PP(P2) Maxim 
AD7545 MP7545B PP(P2) | PM7542 MP7542 PP AD7523 MP7523 
MP1208 FE PM7543.  -MP7543.«~PP MP7524 FE inion spires 
MP1209 FE PM7545 MP7545B PP(P2) | AD7533 MP7533 PP Maxiee bine 761 
MP1210 FE PM7574 MP7574_ PP MP7633 FE myers yitieien 
AD7548 MP1230 FE PM7628 MP7529 PP AD7541 MP7541B PP(P2) 


Notes: (1) EXAR has a Plastic DIP lower cost version for this product, which is supplied only in Ceramic by the “industry” source. 
(2) EXAR warrants these devices over the industrial temp range of —40 to +85°C. 
(P) P indicates the preferred device. Some industry part numbers have multiple EXAR part numbers of equal or better performance. 
All are listed for maximum availability. 
P1 = Preferred, ESD < 1500 V, P2 = Preferred, ESD 2000 V, P3 = Preferred, ESD 4000 V 
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Industry 
P/N 


Maxim (Cont'd) 


MAX152 


MAX153 


MAX160 
MAX161 
MAX162 
MAX176 
MAX180 


MAX181 


MAX183 
MAX186 


MAX500 
MAX510 
MAX526 
MAX527 
MAX528 


MAX529 


MAX536 
MAX537 
MAX7837 
MAX7847 
MX574 
MX667 
MX674 
MX7224 
MX7225 
MX7226 


MX7228 


MX7520 


MX7521 
MX7523 
MP7524 
MX7528 
MX7530 


MX7531 
MX7533 
MX7541 
MX7542 
MX7543 
MX7545 
MX7574 
MX7581 


EXAR 


MP76L90 
MP87L75 
MP87L85 
MP87L86 
MP7683 
MP7693 
MP7783 
MP7574 
MP7581 
MP87091 
MP87092 
MP3274 
MP3275 
MP3276 
MP3274 
MP3275 
MP3276 
MP87091 
MP3274 
MP3275 
MP3276 
MP7652 
MP7652 
MP7613 
MP7613 
MP8840 
MP7670 
MP8840 
MP7670 
MP7612 
MP7612 
MP7613 
MP7613 
MP574 
MP7643 
MP674 
MP7643 
MP7643 
MP7226 
MP7643 
MP7228 
MP7643 
MP7533 
MP7541B 
MP7541B 
MP7523 
MP7524A 
MP7528 
MP7633 
MP7533 
MP7541B 
MP7533 
MP7541B 
MP7542 
MP7543 
MP7545B 
MP7574 
MP7581 


Notes: 


Pin-for-Pin & Functional Equivalents 


Pin for Pin 
P/N Funct. Equiv. 


PP(P1) 


PP 


PP(P1) 


PP 


PP(P2) 


PP 


PP(P2) 


PP 
PP 


PP(P2) 


PP 


Industry 
P/N 


Maxim (Cont'd) 


MX767 
MX7820 


MX7821 


MX7824 
MX7828 


EXAR_ Pin for Pin 
P/N Funct. Equiv. 


MP7643 
MP7683 
MP7693 
MP7783 
MP7683 
MP7693 
MP7783 
MP0820 
MP0820 


National 


ADC08061 


ADC08161 


ADC0820 


ADC10061 


ADC 10064 


ADC10461 


ADC10464 


ADC1061 
ADC10664 


ADC12038 


ADC 12062 


ADC12662 


ADC12L030 
DAC0800 


DAC0801 
DACO802 
DAC0830 
DAC0831 
DAC0832 
DAC0854 


DACO890 
DAC1020 


EXAR has a Plastic DIP lower cost version for this product, which is supplied only in Ceramic by the “industry” source. 
EXAR warrants these devices over the industrial temp range of —40 to +85°C. 


MP7683 
MP7693 
MP7783 
MP7683 
MP7693 
MP7783 
MP0820 
MP7695 
MP8795 
MP8796 
MP87198 
MP8798 
MP7695 
MP8795 
MP8796 
MP87198 
MP8798 
MP87095 
MP87198 
MP8798 
MP3274 
MP3275 
MP3276 
MP87091 
MP8790 
MP8791 
MP8790 
MP8791 
MP87L92 
MP7523 
MP7524 
MP7523 
MP7524 
MP7523 
MP7524 
MP7523 
MP7524 
MP7523 
MP7524 
MP7523 
MP7524 
MP7652 
MP7643 
MP7633 
MP7533 


Industry 
P/N 


EXAR Pin for Pin 


P/N Funct. Equiv. 


National (Cont’d) 


DAC1021 


DAC1022 


DAC1208 


DAC1209 


DAC1210 


DAC1218 
DAC1219 
DAC1220 
DAC1221 
DAC1222 
DAC1230 


DAC1231 


DAC1232 


DAC7541 
DAC7545 
LM113 
LM185 


ADC0820 
TDA8703 


TDA8713 


TDC1038 


TDC1046 
TDC1048 


TDC1058 


y i ffisisess; te, 


MP7633 
MP7533 
MP7633 
MP7533 
MP1208 
MP7542 
MP7543 
MP7545B 
MP1209 
MP7542 
MP7543 
MP7545B 
MP1210 
MP7542 
MP7543 
MP7545B 
MP7541B 
MP7541B 
MP7541B 
MP7541B 
MP7541B 
MP1230 
MP7542 
MP7543 
MP1231 
MP7542 
MP7543 
MP1232 
MP7542 
MP7543 
MP7541B 
MP7545B 
MP5010 
MP5010 


Philips 


MP0820 
MP8785 
MP8775 
MP8776 
MP8786 


Raytheon 


MP8775 
MP8776 
MP8785 
MP8786 
MP7686 
MP8775 
MP8776 
MP8785 
MP8786 
MP8775 
MP8776 


PP(P1) 


PP(P2) 
PP(P2) 
PP(P2) 
PP(P2) 
PP(P2) 


PP(1,2) 
FE 
FE 
PP(P2) 
PP(P2) 
PP 
PP 


Industry 
P/N 


EXAR Pin for Pin 
P/N Funct. Equiv. 


Raytheon (Cont'd) 


MP8785 


TMC1173-05 
TMC1173-10 


TMC1175-20 


HS1068 


HS3210C-0 
HS3120B-0 
HS3120B-2 
HS3120C-2 
HS3140B-3 
HS3140C-3 


HS574A 
HS7528 
HS7541 
HS7542 
HS7543 
HS7545 
HS7584 
HS9331 
SP674 
SP7514 
SP7545 
SP7645 
SP774 
SP7800A 
SP7800 
SP7802 


SP9316C 


CXD1172 


CXD1175A 


CXD1176 


P indicates the preferred device. Some industry part numbers have multiple EXAR part numbers of equal or better performance. 
All are listed for maximum availability. 
P1 = Preferred, ESD < 1500 V, P2 = Preferred, ESD 2000 V, P3 = Preferred, ESD 4000 V 


1-7 


rE 
MP8786 
MP76L90 
MP87L75 
MP87L85 
MP76L90 
MP87L86 
MP8785 
MP8775 
MP8776 
MP8786 


Sipex 


MP8775 
MP8776 
MP8785 
MP8786 
MP7645 
MP7645 
MP7645 
MP7645 
MP7614 
MP7614 
MP574A 
MP7528 
MP7541B 
MP7542 
MP7543 
MP7545B 
MP7680 
MP7626 
MP674 
MP7614 
MP7545 
MP7645 
MP774 
MP87091 
MP87092 
MP87091 
MP87092 
MP7626 


Sony 


MP7686 
MP8785 
MP8775 
MP8776 
MP8785 
MP8786 


PP(P2) 
PP 
PP 
PP(P2) 


Pin-for-Pin & Functional Equivalents 


Industry EXAR _ Pin for Pin Industry EXAR _ Pin for Pin Industry EXAR_ Pin for Pin Industry EXAR Pin for Pin 
P/N P/N Funct. Equiv.| P/N P/N Funct. Equiv. | P/N P/N Funct. Equiv.| P/N P/N Funct. Equiv. 
SPT SPT (Cont'd) Texas Instruments Texas Instruments (Cont'd) 
HADC674. MP674_ PP MP8776 FE AD7628 MP7529 PP TLC5503-5 MP8780 FE 
HDAC574 MP574A_ PP MP8786 FE TLCO820 MP0820 PP TLC7524. = MP7524 PP(2) 
HDAC7541 MP7541B PP(P2) | SPT774 MP774 PP TLC5502-5 MP7690 FE TLC7528 MP7528 PP 
HDAC7542 MP7542 PP SPT7920 MP8791 FE MP8780 FE TLC7528  MP7528 PP 
HDAC7543_ MP7543° PP SPT9950 MP8790 FE TLC5503-2 MP8775 FE TLC7528 MP7529B FE 
HDAC7545 MP7545B PP(P2) MP8791 FE MP8776 FE TLC7533. = MP7533_ ~PP(2) 
SPT1175 = MP8775 PP MP8792 FE MP8785_ FE TLC7533C MP7533 PP 
MP8785_ PP MP8786 FE TLC7628 MP7529 FE 
TLC5503-5 MP7690 FE 


TOM 


EXAR has a Plastic DIP lower cost version for this product, which is supplied only in Ceramic by the “industry” source. 

2 EXAR warrants these devices over the industrial temp range of —40 to +85°C. 

(P) P indicates the preferred device. Some industry part numbers have multiple EXAR part numbers of equal or better performance. 
All are listed for maximum availability. 

P1 = Preferred, ESD < 1500 V, P2 = Preferred, ESD 2000 V, P3 = Preferred, ESD 4000 V 


1-8 


Bus 


# Res. Interface Track/ Pkg Temp #of VREF VREF INL DNL 

Part # New MUXs Bits Bits Hold Grade Pkg Width Range Pins Tested Range (+ LSB) (+ LSB) Speed Power (mW) 
MP3274 32 12 8/12, uP N A G 0.900” IND 68 +10V INT +5 to +10/0 to +20 V 2 1 15 us 200 
MP3274 32 12 8/12, uP N A G 0.900” IND 68 +10V INT +5 to +10/0 to +20 V 2 1 15 us 200 
MP3274 32 12 98/12, uP N A P 0.900” IND 68 +10V INT +5 to +10/0 to +20 V 1/2 1/2 15 us 200 
MP3274 32 12 8ft2,pP N S G 0.900” MIL* 68 +10V INT +5 to +10/0 to +20 V 1/2 1/2 15 us 200 
MP3275 16 12 8/12, uP N A E 0.600” IND 44 +10V INT +5 to +10/0 to +20 V 1 1 15 us 200 
MP3276 New 16 12 8/12, uP N A G 0.900” IND 68 +10V INT +5 to +10/0 to +20 V 2 2 15 us 200 
MP3276 New 16 12 8/12, uP N A r 0.900” IND 68 +10V INT +5 to +10/0 to +20 V 2 2 15 us 200 
MP7682 1 6 6 Y J N 0.300” IND 18 +4.1V Oto5V 2 2 15 MSPS 150 
MP7682 1 6 6 Y J Ss 0.300” IND 18 +4.1V Oto5V 2 2 15 MSPS 150 
MP7682 1 6 6 ¥ K N 0.300” IND 18 +4.1V Oto5V 1 1 15 MSPS 150 
MP7682 1 6 6 i K S) 0.300” IND 18 +4.1V Oto5V 1 1 15 MSPS 150 
MP7682 1 6 6 Y S D 0.300” MIL* 18 +4.1V Oto 5 ¥ 2 2 15 MSPS 150 
MP7682 1 6 6 Y T D 0.300” MIL* 18 +4.1V Oto5V 1 1 15 MSPS 150 
MP7683 1 8 8 ¥ J N 0.600” IND 24 +4.1V Oto5V 1 1/4 1 1/4 3 MSPS 100 
MP7683 1 8 8 Y J Q 0.200” IND 24 +4.1V Oto5V 11/4 1 1/4 3 MSPS 100 
MP7683 1 8 8 ¥ J S) 0.335” IND 24 +4.1V Oto5V 1 1/4 1 1/4 3 MSPS 100 
MP7683 1 8 8 Ed K N 0.600” IND 24 +4.1V Oto5V 3/4 3/4 3 MSPS 100 
MP7683 1 8 8 Y K S) 0.335” IND 24 +4.1V Oto5V 3/4 3/4 3 MSPS 100 
MP7683 1 8 8 Y Ss D 0.600” MIL* 24 +4.1V Oto5V 1 1/4 1 1/4 3 MSPS 100 
MP7683 1 8 8 ¥ T D 0.600” MIL* 24 +4.1V Oto5V 3/4 3/4 3 MSPS 100 
MP7684 1 8 8 Y J D 0.600” IND 28 +4V Oto5V 2 1 1/2 10 MSPS 375 
MP7684 1 8 8 ¥ J N 0.600” IND 28 +4V Oto5V 2 11/2 10 MSPS 375 
MP7684 1 8 8 Y J S 0.335” IND 28 +4V Oto5V 2 11/2 10 MSPS 375 
MP7684 1 8 8 Y K D 0.600” IND 28 +4 V O0to5V 11/2 1 10 MSPS 375 
MP7684 1 8 8 ¥ K N 0.600” IND 28 +4V O0to5V 11/2 1 10 MSPS 375 
MP7684 1 8 8 ¥ K S) 0.335” IND 28 +4 V Oto5V 11/2 1 10 MSPS 375 
MP7684 1 8 8 Y S D 0.600” MIL* 28 +4 V Oto5V 2 1 1/2 10 MSPS 375 
MP7684 1 8 8 Y 7 D 0.600” MIL* 28 +4V Oto5V 1 1/2 1 10 MSPS 375 
MP7684A 1 8 8 Y J D 0.600” IND 28 +4V Oto5V 2 1 14 MSPS 400 
MP7684A 1 8 8 Y J N 0.600” IND 28 +4V 0to5V 2 1 14 MSPS 400 
MP7684A 1 8 8 Y J S) 0.335” IND 28 +4V O0to5V 2 1 14 MSPS 400 
MP7684A 1 8 8 Y K D 0.600” IND 28 +4V Oto5V 11/2 3/4 14 MSPS 400 
MP7684A 1 8 8 Y K N 0.600” IND 28 +4V O0to5V 11/2 3/4 14 MSPS 400 
MP7684A 1 8 8 Y K S 0.335” IND 28 +4V Oto5V 11/2 3/4 14 MSPS 400 
MP7684A 1 8 8 Y S) D 0.600” MIL* 28 +4V Oto5V 2 1 14 MSPS 400 
MP7684A 1 8 8 Y + D 0.600” MIL* 28 +4V 0to5V 11/2 3/4 14 MSPS 400 
y fyfeyp{y*yfy*f}*/f},; . : TOM 
All Ratings Max Unless Otherwise Noted 1-9 *Contact Factory for Non-Compliant Military Processing 
PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, **Preliminary Product 


E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 
TEMP — IND = Industrial 40 to +85°C, MIL = Military —55 to 429°C 


Part # 


MP7686 
MP7686 
MP7686 
MP7686 
MP7686 
MP7686 


MP7690 
MP7690 
MP7690 
MP7690 


MP7690A 
MP7690A 
MP7690A 
MP7690A 


MP7693 
MP7693 
MP7693 


MP7695 
MP7695 
MP7695 
MP7695 


MP7696 
MP7696 


MP76L86 
MP76L86 


MP76L90 
MP76L90 


MP7783 
MP7783 


MP87091 
MP87091 


MS 


New 


New 
New 


# 


1 


— eh es 


— tt —t —b 


Bus 
Res. Interface Track/ 


MUXs Bits Bits Hold Grade Pkg 
6 6 ¥ J D 
6 6 ¥ J N 
6 6 ¥ J S 
6 6 bf K D 
6 6 Y¥ K N 
6 6 Y K S 
8 8 ¥ J D 
8 8 ¥ K D 
8 8 Y S D 
8 8 ¥ : D 
8 8 Y A D 
8 8 Y B D 
8 8 é é S D 
8 8 Y T D 
8 8 Y B 
8 8 Y B P 
8 8 Y B 
10 10 Y A D 
10 10 7, A N 
10 10 ¥ A S) 
10 10 ¥ S D 
9 9 ¥ A N 
9 9 id A S 


1 
1 


(o>) 
(op) 
< 
> 
Z 


6 6 ¥ A S 
8 8 Y A N 
8 8 bd A S 
8 8 ¥ J N 
8 8 Y J S) 
12 12 Y A N 
12 12 ‘4 A S 


4 tft ff 4 


All Ratings Max Unless Otherwise Noted 


PACKAGE CODES — D = Cerdip, N= PDIP, P = PLCC, S = SOIC, L= LCC, 


E = Plastic Flat Pack, G = PGA, O = SSOP, R = SOIC, W = PDIP 
TEMP — IND = Industrial 40 10 +85°C, MIL = Military —55 to {25°C 


Pkg 
Width 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.350” 
0.300” 


0.300” 
0.300” 
0.335” 
0.300” 


0.300” 
0.335” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.600” 


0.335” 


Temp 
Range 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
MIL* 
MIL* 


IND 
IND 
MIL* 
MIL” 


IND 
IND 
IND 


IND 
IND 
IND 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 


# of 
Pins 
18 
18 
18 
18 
18 
18 


24 
24 
24 
24 


24 
24 
24 
24 


20 
20 
20 


24 
24 
24 
_24 


24 
24 


18 
18 


24 
24 


24 
24 


VREF 
Tested 

+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 


+5 V 
+5 V 
+5 V 


+4.6V 
+4.6V 
+4.6V 
+4.6V 


+4.1V 
+4.1V 


+3 V 
+3 V 


+3 V 
+3 V 


+4.1V 
+4.1V 


+4.1V 
+4.1V 


VREF 
Range 
0to5V 
Oto5V 
Oto5V 
Oto5s V 
Oto5V 
Oto5V 


Oto5V 
O0to5V 
O0to5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
O0to5V 


O0to5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
O0to5V 
Oto5V 


O0to5V 
O0to5V 


0to3.3V 
0to3.3V 


0to3.3V 
0to3.3V 


Oto5V 
Oto5V 


O0to5V 
Oto5V 


INL DNL 
(+ LSB) (+ LSB) 
2 11/4 
2 11/4 
2 11/4 
11/4 1 
11/4 1 
11/4 1 
2 1 1/2 
11/2 1 
2 1 1/2 
1 1/2 1 
2 1 
3/4 3/4 
2 { 
13/4 3/4 
3/4 3/4 
3/4 3/4 
3/4 3/4 
11/4 1 
1 1/4 1 
11/4 1 
11/4 1 
1 1 
1 1 
1 1 
1 1 
1 { 
{ 1 
3/4 3/4 
3/4 3/4 
2 1/2 { 
2 1/2 1 


Speed 


20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 


10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 


14 MSPS 
14 MSPS 
14 MSPS 
14 MSPS 


3 MSPS 
3 MSPS 
3 MSPS 


1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 


2 MSPS 
2 MSPS 


6 MSPS 
6 MSPS 


5 MSPS 
5 MSPS 


3 MSPS 
3 MSPS 


750 KSPS 
750 KSPS 


Power (mW) 


170 
170 
170 
170 
170 
170 


375 
375 
375 
375 


400 
400 
400 
400 


100 
100 
100 


50 
50 
50 
50 


50 
50 


20 
20 


45 
45 


100 
100 


175 
175 


TOM 


*Contact Factory for Non-Compliant Military Processing 


**Preliminary Product 


Bus 


# Res. Interface Track/ Pkg Temp # of VREF VREF INL DNL 
Part # New MUXs Bits Bits Hold Grade Pkg Width Range Pins Tested Range (+ LSB) (+ LSB) Speed Power (mW) 
MP87092 New 1 12 1 ¥ A N 0.600” IND 28 +4.1V Oto5V 2 1/2 1 750 KSPS 175 
MP87092 New 12 1 = A S 0.335” IND 28 +4.1V Oto5V 21/2 1 750 KSPS 175 
MP87095 1 10 10 ¥ A D 0.300” IND 24 +4.6 V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87095 1 10 10 Y A N 0.300” IND 24 +4.6V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87095 1 10 10 ¥ A S 0.300” IND 24 +4.6V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87095 1 10 10 ¥ S D 0.300” MIL* 24 +4.6 V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87098 4 10 10 Y A D 0.300” IND 28 +4.6V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87098 4 10 10 Y A N 0.300” IND 28 +4.6 V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87098 4 10 10 ¥ A Q 0.200” IND 28 +4.6V Oto5V 11/2 1 0.75 MSPS 50 
MP87098 4 10 10 Y A S 0.300” IND 28 +4.6 V Oo5V 1 1/2 1 0.75 MSPS 50 
MP87099 8 10 10 ¥ A E 0.550” IND 44 +4.6 V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87198 4 10 10 4 A D 0.300” IND 28 +4.6V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87198 4 10 10 ¥ A N 0.300” IND 28 +4.6V Oto5V 1 1/2 1 0.75 MSPS 50 
MP87198 4 10 10 ¥ A Q 0.200” IND 28 +4.6V Oto5V 1 he 1 0.75 MSPS 50 
MP87198 4 10 10 ¥ A Ss 0.300” IND 28 +4.6 V Oto5V 1 1/2 1 0.75 MSPS 50 
MP8775 1 8 8 ¥ A N 0.300” IND 20 +0.6to2.6V Oto5V 1 1/2 3/4 20 MSPS 125 
MP8775 1 8 8 Y A Q 0.200” IND 20 +0.6to2.6V Oto5V 11/2 3/4 20 MSPS 125 
MP8775 1 8 8 Y A Ss 0.300” IND 20 +0.6to2.6V Oto5V 1 1/2 3/4 20 MSPS 125 
MP8776 New 1 8 8 Y A N 0.300” IND 20 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP8776 New 1 8 8 Y A Q 0.200” IND 20 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP8776 New 1 8 8 ¥ A S 0.300” IND 20 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP8780 1 8 8 ¥ J N 0.300” IND 24 +2.5V 0to5V 11/2 1 15 MSPS 400 
MP8780 1 8 8 Y J Ss 0.300” IND 24 4+2.5V Oto5V 1 1/2 1 15 MSPS 400 
MP8782 1 10 10 ¥ A E 0.550” IND 44 +41.0to4.0V Oto5V 2 1 5 MSPS 200 
MP8784 1 10 10 Y A N 0.300” IND 24 =6+1.0t0o 4.0 V Oto5V 2 1 5 MSPS 200 
MP8784 1 10 10 ¥ A S 0.300” IND 24 +1.0to4.0V O0to5V 2 1 5 MSPS 200 
MP8784 1 10 10 ¥ S D 0.300” MIL* 24 +1.0to4.0V 0to5V 2 1 5 MSPS 200 
MP8784A New** 1 10 10 ¥ S) D 0.300” MIL* 24 +1.0to4.0V Oto5V 
MP8785 1 8 8 Y A N 0.300” IND 24 +0.6to2.6V Oto5V 11/2 3/4 20 MSPS 125 
MP8785 1 8 8 Y A R 0.300” 24 «6+0.6to2.6V Oto5V 11/2 3/4 20 MSPS 125 
MP8785 1 8 8 Y A S 0.300” 24 +0.6to26V Oto5V 1 1/2 3/4 20 MSPS 125 
All Ratings Max Unless Otherwise Noted 1-11 *Contact Factory for Non-Compliant Military Processing 


PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85°C, MIL = Military -55 to +125°C 


**Preliminary Product 


Bus 


# Res. Interface Track/ Pkg Temp #of VREF VREF INL DNL 
Part # New MUXs Bits’. Bits Hold Grade Pkg Width Range Pins Tested Range (+ LSB) (+ LSB) Speed Power (mW) 
MP8786 New 1 8 8 ¥ A N 0.300” IND 24 +0.6to2.6V O0to5V 1 1/2 30 MSPS 110 
MP8786 New 1 8 8 ¥ A Q 0.200” IND 24 «6+0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP8786 New 1 8 8 ¥ A R 0.300” IND 24 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP8786 New 1 8 8 Y A iS) 0.300” IND 24 «=6+0.6to2.6V O0to5V 1 1/2 30 MSPS 110 
MP8790 1 12 12 ¥ A E 0,550" IND 52 +5.0 V Oto5V 2 1/2 1 2 MSPS 200 
MP8791 1 12 12 ¥ A N 0.300” IND 28 +4.6V Oto5V 2 2 1 2 MSPS 200 
MP8791 1 12 12 ¥ A S 0.335” IND 28 +4.6V Oto5V 2 2 1 2 MSPS 200 
MP8795 1 10 10 y A D 0.300” IND 24 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP8795 1 10 10 Y A N 0.300” IND 24 +4.6V O0to5V 11/2 1 1 MSPS 50 
MP8795 1 10 10 ¥ A S 0.300” IND 24 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP8795 1 10 10 Y S) D 0.300” MIL* 24 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP8796 1 10 10 Y A S) 0.300” IND 20 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP8798 4 10 10 ¥ A D 0.300” IND 28 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP8798 4 10 10 Y A N 0.300” IND 28 +4.6V O0to5V 1 1/2 1 1 MSPS 50 
MP8798 4 10 10 Y A Q 0.200” IND 28 +4.6 V O0to5V 11/2 1 1 MSPS 50 
MP8798 4 10 10 ¥ A Ss 0.300” IND 28 +4.6V O0to5V 1 1/2 1 1 MSPS 50 
MP8799 8 10 10 ¥ A E 0.450” IND 44 +4.6V Oto5V 11/2 1 1 MSPS 50 
MP87L75 1 8 8 ¥ A N 0.300” IND 20 +0.5to2.5V 0to3.3V 1 1/2 1/2 10 MSPS 30 
MP87L75 1 8 8 Y A R 0.300” IND 20 +0.5to2.5V 0to3.3V 1 1/2 2 10 MSPS 30 
MP87L75 1 8 8 Y A S) 0.300” IND 20 +0.5to2.5V 0to3.3V 1 1/2 1/2 10 MSPS 30 
MP87L76 New 1 8 8 Y A Q 0.200” IND 20 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP87L76 New 1 8 8 ¥ A S 0.300” IND 20 +0.6to2.6V Oto5V 1 1/2 30 MSPS 110 
MP87L82 1 10 10 Y A E 0.550” IND 44 +0.6to2.4V Oto 3.3 V 2 1 2 MSPS 25 
MP87L84 1 10 10 ¥ A 0.300” IND 24 +0.6to2.4V 0 to3.3 V 2 1 2 MSPS 25 
MP87L84 1 10 10 ¥ A S) 0.300” IND 24 +0.6to2.4V 0to3.3V 2 1 2 MSPS 25 
MP87L85 1 8 8 Y A N 0.300” IND 24 +0.5to2.5V 0to3.3V 11/2 1/2 10 MSPS 30 
MP87L85 1 8 8 Y A R 0.300” IND 24 +0.5to2.5V 0to3.3V 11/2 1/2 10 MSPS 30 
MP87L85 1 8 8 Y A S) 0.300” IND 24 +0.5to2.5V 0to3.3V 11/2 1/2 10 MSPS 30 
MP87L85 1 8 8 Y A W 0.400” IND 24 +0.5to2.5V 0to3.3V 11/2 1/2 10 MSPS 30 


TOM 


*Contact Factory for Non-Compliant Military Processing 
**Preliminary Product 


All Ratings Max Unless Otherwise Noted 1-12 
PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC. 

E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 

TEMP - IND = Industrial -40 to +85° C, MIL = Military -55 to +125°C 


Part # 


MP87L91 
MP87L91 


MP87L92 
MP87L92 


MP87L95 
MP87L95 


MP87L98 
MP87L98 
MP87L98 
MP87L98 
MP87L99 


MP8820 
MP8820 


MP8830 


MP8831 


y  is¢sfysysy*fj*y}*,; 


New 


New 
New 


New 


New** 


# 


MUXs_ Bits 


1 
1 


fH Hh 


12 
12 


12 
12 


10 
10 


10 
10 
10 
10 
10 


8 
8 


10 


10 


Bus 
Res. Interface Track/ 


Bits 


12 
te 


12 
12 


10 
10 


10 
10 
10 
10 
10 


8 
8 


10 


10 


All Ratings Max Unless Otherwise Noted 


PACKAGE CODES — D = Cerdip, N= PDIP, P = PLCC, $ = SOIC, L = LCC, 
E.= Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W'= PDIP 


Hold 


<< << 


<< 


<<<< 


> > > > 


> > 


>YrYrp,p 


nz 


OZ 


NO2ZO 


TEMP — IND = Industrial 40 to +85°C, MIL = Military -55 to +125°C 


Temp 
Range 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 
IND 


IND 
IND 


COM 


COM 


# of 
Pins 
28 
28 


28 
28 


24 
24 


28 
28 
28 
28 
44 


28 
28 


64 


VREF 
Tested 


+3.0 V 
+3.0 V 


+3.0 V 
+3.0 V 


+3.0 V 
+3.0 V 


+2.6V 
+2.6V 
+2.6V 
+2.6V 
+2.6V 


OVto1.5V 
OVto1.5V 


OVto1.5V 


OVto1.5V 


VREF 
Range 


0to3.3V 
0to3.3V 


0to3.3V 
0to3.3V 


0to3.3 V 
0to3.3 V 


0to3.3V 
0to3.3V 
0to3.3V 
0to3.3V 
0to3.3V 


O0Vto1.5V 
OVto1.5V 


OVto1.5V 


OVto1.5V 


INL 


(+ LSB) (+ LSB) 


Fey 
2 


—_ —- 
—_ —_A 
sees | 
Nh Ph 


a a 
sais 
Rie 
ine) 


DNL 


1 
| 


a ee eo 


Speed 


1 MSPS 
1 MSPS 


1 MSPS 
1 MSPS 


0.25 MSPS 
0.25 MSPS 


0.25 MSPS 
0.25 MSPS 
0.25 MSPS 
0.25 MSPS 
0.25 MSPS 


1.6 MSPS 
1.6 MSPS 


1.25 MSPS 


0.6 MSPS 


Power (mW) 


25 
25 


25 
25 


10 
10 


10 
10 
10 
10 
10 


PAs 
igs 


500 


180 


TOM 


*Contact Factory for Non-Compliant Military Processing 
**Preliminary Product 


Part # 
MP3274 


MP7682 
MP7682 


MP7683 
MP7683 


MP7684 
MP7684 


MP7684A 
MP7684A 


MP7690 
MP7690 


MP7690A 
MP7690A 


MP7695 
MP8784 
MP8784A 


MP8795 


New 


New 


# 


MUXs Bits 


32 


Res. Interface Track/ 
Hold 


12 


Bus 


Bits 


8/12, uP 


6 
6 


N 


7 
¥ 


¥ 
kd 


Y 


Grade 


S 


S 
T 


S) 


Pkg 
Width 


0.900” 


0.300” 
0.300” 


0.600” 
0.600” 


0.600” 
0.600” 


0.600” 
0.600” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 


0.300” 


0.300” 


0.300” 


Temp 
Range 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 
MIL* 


MIL* 


# of 
Pins 
68 


18 
18 


24 
24 


28 
28 


28 
28 


24 
24 


24 
24 


24 
24 
24 


24 


VREF 
Tested 


+10V INT 


+4.1V 
+4.1V 


+4.1V 
+4.1V 


+4V 
+4V 


+4V 
+4V 


+4.1V 
+4.1V 


+4.1V 
+4.1V 


+4.6V 


+1.0 to 4.0 V 


+1.0 to 4.0 V 


+4.6V 


VREF 
Range 
+5 to +10/0 to +20 V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 


Oto5V 


INL 
(+ LSB 


1/2 


112 


DNL 
(+ LSB) 
1/2 


Speed 
15 us 


15 MSPS 
15 MSPS 


3 MSPS 
3 MSPS 


10 MSPS 
10 MSPS 


14 MSPS 
14 MSPS 


10 MSPS 
10 MSPS 


14 MSPS 
14 MSPS 


1 MSPS 


5 MSPS 


1 MSPS 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES -— D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, O = SSOP, R = SOIC, W= PDIP 

TEMP — IND = Industrial 40 to +85°C, MIL = Military -55 to +125°C 


TOM 


*Contact Factory for Non-Compliant Military Processing 


Power (mW) 
200 


150 
150 


100 
100 


375 
375 


400 
400 


375 
375 


400 
400 


50 


200 


50 


™ 


Part # 


MP3274 
MP3274 
MP3274 


MP3275 


MP3276 
MP3276 


MP7682 
MP7682 
MP7682 
MP7682 
MP7682 
MP7682 
MP7682 
MP7682 


MP7683 
MP7683 
MP7683 
MP7683 
MP7683 
MP7683 
MP7683 
MP7683 
MP7683 


MP7684 
MP7684 
MP7684 
MP7684 
MP7684 
MP7684 
MP7684 
MP7684 
MP7684 


MP7684A 
MP7684A 
MP7684A 


EEE a EP 


New 


New 
New 


# 

MUXs_ Bits 
se 612 
32 «12 
32 «12 
16 «12 
16 «12 
16 12 


a ee ee! cm Ce ee! Omer Ce Sek pe et ck Sel a ey 
owownooaooonono @a © DODD DD HD DD MD 


a a ee ee ee ee Oa 
waoamnwondooaona a © © 


— 
fee) 


1 
1 8 


fee) 


Bus 
Res. Interface Track/ 


Bits 


8/12, uP 
8/12, uP 
8/12, uP 


8/12, uP 


8/12, uP 
8/12, uP 


Oooo own © © © DODD ADD ®D ® 


Oamowaondonooaona © © 


fee) 


8 


All Ratings Max Unless Otherwise Noted 


Hold 


a Le ze 


Zz 


ZZ 


<<<«<<<«<<< «<<<«<«<«<«<~«<«< 


<<<<«<«<<«<<« 


<< 


4 ff 


PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 


Grade 


> opr yD 


> > 


ANAACCCw YS ANAACCwO PY 


ANNAAACCS 


c c& 


J 


OUOFoUonZUNnNAZDO VU ZAH Zo UDO ZOZUG UqQ m 


zO 


S) 


TEMP -— IND = Industrial -40 to 185°C MIL = Military —55 to 25°C 


Pkg 
Width 
0.900” 
0.900” 
0.900” 


0.600” 


0.900” 
0.900” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.600” 
0.600” 
0.600” 
0.200” 
0.335” 
0.600” 
0.335” 
0.600” 
0.600” 


0.600” 
0.600” 
0.335” 
0.600” 
0.600” 
0.335” 
0.600” 
0.450” 
0.600” 


0.600” 
0.600” 
0.335” 


,f 


Temp 


Range 


IND 
IND 
MIL* 


IND 


IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 
MIL* 


IND 
IND 


18 
18 


VREF 
Tested 
+10V INT 
+10V INT 
+10V INT 


+10V INT 


+10V INT 
+10V INT 


+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4 V 
+4V 
+4V 
+4 V 
+4V 
+4V 
+4V 
+4V 
+4V 


+4V 
+4V 
+4V 


VREF 

Range 
+5 to +10/0 to +20 V 
+5 to +10/0 to +20 V 
+5 to +10/0 to +20 V 


+5 to +10/0 to +20 V 


+5 to +10/0 to +20 V 
+5 to +10/0 to +20 V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
O0to5V 


INL 


(+ LSB) (+ LSB) 


2 
1/2 
1/2 


1 


ine) 


=— WO —|— =| Ww NP — NP 


DNL 


1 
1/2 
1/2 


; 


ine) 


=— © — =| —)0 NY — NP 


—_ —t 
—_ A 
cas. Se, 
hm PP 


Speed 
15 us 
15 us 
15 us 


15 us 


15: ps 
15 us 


15 MSPS 
15 MSPS 
15 MSPS 
15 MSPS 
15 MSPS 
15 MSPS 
15 MSPS 
15 MSPS 


3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 
3 MSPS 


10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 


14 MSPS 
14 MSPS 
14 MSPS 


Power (mW) 
200 
200 
200 


200 


200 
200 


150 
150 
150 
150 
150 
150 
150 
150 


100 
100 
100 
100 
100 
100 
100 
100 
100 


375 
375 
375 
375 
375 
375 
375 
375 
375 


400 
400 
400 


TOM 


*Contact Factory for Non-Compliant Military Processing 
**Preliminary Product 


Part # 


MP7684A 
MP7684A 
MP7684A 
MP7684A 
MP7684A 


MP7686 
MP7686 
MP7686 
MP7686 
MP7686 
MP7686 
MP7686 
MP7686 


MP7690 
MP7690 
MP7690 
MP7690 


MP7690A 
MP7690A 
MP7690A 
MP7690A 


MP7693 
MP7693 
MP7693 


MP7695 
MP7695 
MP7695 
MP7695 


MP7696 
MP7696 


MP7783 
MP7783 


MP87091 
MP87091 


New 


New 
New 


Me eS 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L= LCC, 


# 
MUXs_ Bits 
1 8 
1 8 
1 8 
1 8 
1 8 


pn ee ee ee ee ee ee ee 
[op ©? as ©? al ©? a ©? a ©? a ©? ©) 


1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 8 
1 10 
1 10 
1 10 
1 10 
1 9 
1 9 
1 8 
1 8 
1 12 
1 T2 


Bus 
Res. Interface Track/ 


Bits 


(oe) 


DWMDAMDDMDDD DD ® oo ao oa 


co CO CO © 


oo oOo oo 


co CO © 


2 ok ch ot 
oOoO0 CO 


oO © 


8 


12 
12 


Hold Grade Pkg 
Y K D 
¥ K N 
Y K S 
¥ S D 
+ i T D 
Y J D 
¥ J N 
Y J S 
¥ K D 
¥ K N 
Y K S 
5 S D 
¥ F D 
Y J D 
¥ K D 
Y S D 
¥ T D 
¥ A D 
¥ B D 
Y S D 
¥ T D 
¥ B N 
¥ B P 
¥ B S 
¥ A D 
i A N 
Y A Ss) 
¥ S D 
¥ A N 
¥ A S 
¥ J N 
Y J S 
Y A N 
Y A S 


E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 
TEMP — IND = Industrial -40 to +85°C, MIL = Military —55 to 125° 


Pkg 
Width 
0.600” 
0.600” 
0335" 
0.600” 
0.600” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300" 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.350” 
0.300” 


0.300” 
0.300” 
0.335” 
0.300” 


0.300” 
0.335” 


0.300” 
0.300” 


0.600” 
0.335” 


Temp 
Range 


IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
MIL* 
MIL* 


IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 


IND 
IND 
IND 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


# of 


Pins 


28 
28 
28 
28 
28 


18 
18 
18 
18 
18 
18 
18 
18 


24 
24 
24 
24 


24 
24 
24 
24 


20 
20 
20 


24 
24 
24 
24 


24 
24 


24 
24 


VREF 
Tested 
+4V 
+4V 
+4V 
+4V 
+4V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 


+4.1V 
+4.1V 
+4.1V 
+4.1V 


+5 V 
+5 V 
+5 V 


+4.6 V 
+4.6 V 
+4.6 V 
+4.6V 


+4.1V 
+4.1V 


+4.1V 
+4.1V 


VREF 
Range 
0fo5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 
Oto5V 


O0to5V 
Oto5V 
Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


Oto5V 
Oto5V 


INL 


(+ LSB) (+ LSB) 


11/2 
1 1/2 
1 1/2 
2 
1 1/2 


DNL 


Speed 

14 MSPS 
14 MSPS 
14 MSPS 
14 MSPS 
14 MSPS 


20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 
20 MSPS 


10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 


14 MSPS 
14 MSPS 
14 MSPS 
14 MSPS 


3 MSPS 
3 MSPS 
3 MSPS 


1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 


2 MSPS 
2 MSPS 


3 MSPS 
3 MSPS 


750 KSPS 
750 KSPS 


Power (mW) 
400 
400 
400 
400 
400 


170 
170 
170 
170 
170 
170 
170 
170 


375 
375 
375 
375 


400 
400 
400 
400 


100 
100 
100 


50 
50 
50 
50 


50 
50 


100 
100 


175 
175 


TOM 


*Contact Factory for Non-Compliant Military Processing 


**Preliminary Product 


Bus 
# Res. Interface Track/ 


Part # New MUXs Bits Bits Hold Grade Pkg 
MP87092 New 1 12 1 T A N 
MP87092 New 1 12 1 Y A Ss 
MP87095 1 10 10 T A D 
MP87095 1 10 10 Y A N 
MP87095 1 10 10 Y A S) 
MP87095 1 10 10 Y S D 
MP87098 4 10 10 Y A D 
MP87098 4 10 10 Y A N 
MP87098 4 10 10 ¥ A Q 
MP87098 4 10 10 Y A S 
MP87099 8 10 10 Y A E 
MP87198 4 10 10 Y A D 
MP87198 4 10 10 Y A N 
MP87198 4 10 10 ¥ A Q 
MP87198 4 10 10 Y A S 
MP8775 1 8 8 ¥ A N 
MP8775 1 8 8 ¥ A Q 
MP8775 1 8 8 Y A S 
MP8776 New 1 8 8 Y A N 
MP8776 New 1 8 8 Y A Q 
MP8776 New 1 8 8 Y A S) 
MP8780 1 8 8 Y J N 
MP8780 1 8 8 ¥ J S 
MP8782 1 10 10 ¥ A E 
MP8784 1 10 10 ¥ A N 
MP8784 1 10 10 ‘i A S 
MP8784 1 10 10 ¥ S D 
MP8784A New** 1 10 10 Y S D 
MP8785 1 8 8 ¥ A N 


MP8785 1 8 


All Ratings Max Unless Otherwise Noted 


PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 


E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85°C, MIL = Military —55 to 125°C 


Pkg 
Width 
0.600” 
0.335” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.200” 
0.300” 


0.550” 


0.300” 
0.300” 
0.200” 
0.300” 


0.300” 
0.200” 
0.300” 


0.300” 
0.200” 
0.300” 


0.300” 
0.300” 


0.550” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


Temp 


Range 


IND 
IND 


IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 


IND 


IND 
IND 
IND 
IND 


IND 
IND 
IND 


IND 
IND 
IND 


IND 
IND 


IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


# of 
Pins 
28 
28 


24 
24 
24 
24 


28 
28 
28 
28 


44 


28 
28 
28 
28 


20 
20 
20 


20 
20 
20 


24 
24 


44 
24 
24 
24 


24 


VREF 
Tested 
+4.1V 
+4.1V 


+4.6V 
+4.6 V 
+4.6V 
+4.6V 


+4.6V 
+4.6 V 
+4.6V 
+4.6 V 


+4.6V 


+4.6V 
+4.6 V 
+4.6V 
+4.6V 


+0.6 to 2.6 V 
+0.6 to 2.6 V 
+0.6 to 2.6 V 


+0.6 to 2.6 V 
+0.6 to 2.6 V 
+0.6 to2.6V 


+2.5V 
4+2.5V 


+1.0 to 4.0 V 
+1.0 to 4.0 V 
+1.0 to 4.0 V 
+1.0 to 4.0 V 
+1.0 to 4.0 V 


+0.6 to 2.6 V 
+0.6 to2.6V 


INL 


(+ LSB) (+ LSB) 


2 1/2 
2 1/2 


1/2 
1/2 
1/2 
1/2 


1/2 
1/2 
1/2 
1/2 


—_ 


1/2 


1/2 
1/2 
1/2 
1/2 


— —_t tt sk 


Se ae 
a 
hm MO P 


—_> A 
—_ 
Rea ea 
Nh P 


ine) 


DNL 


1 
1 


{ 
1 
1 
1 


3/4 
3/4 


Speed 


750 KSPS 
750 KSPS 


0.75 MSPS 
0.75 MSPS 
0.75 MSPS 
0.75 MSPS 


0.75 MSPS 
0.75 MSPS 
0.75 MSPS 
0.75 MSPS 


0.75 MSPS 


0.75 MSPS 
0.75 MSPS 
0.75 MSPS 
0.75 MSPS 


20 MSPS 
20 MSPS 
20 MSPS 


30 MSPS 
30 MSPS 
30 MSPS 


15 MSPS 
15 MSPS 


5 MSPS 
5 MSPS 


5 MSPS 
5 MSPS 


20 MSPS 
20 MSPS 


Power (mW) 


175 
17S 


125 
125 
125 


110 
110 
110 


400 
400 


200 
200 


200 
200 


125 
125 


T@)M 


*Contact Factory for Non-Compliant Military Processing 


**Preliminary Product 


Part # 


MP8785 
MP8785 


MP8786 
MP8786 
MP8786 
MP8786 


MP8790 


MP8791 
MP8791 


MP8795 
MP8795 
MP8795 
MP8795 
MP8796 
MP8798 
MP8798 
MP8798 
MP8798 
MP8799 


MP8820 
MP8820 


MP8830 


MP8831** 


yf ff f f§ -¥¥ fj 


New 


New 
New 
New 
New 


New 
New 


New 


New 


# 


MUXs Bits Bits 


—_ tak eh 


a a ee eS 


— 


Bus 
Res. Interface Track/ 


Hold Grade Pkg 
8 8 Y A S 
8 8 ¥ A W 
8 8 ¥ A N 
8 8 Y A Q 
8 8 v A R 
8 8 7 A S 
12 12 ¥ A = 
iz 12 Y A N 
12 12 ¥ A S 
10 10 ¥ A D 
10 10 Y A N 
10 10 Y A S) 
10 10 5 5 S D 
10 10 Y A S 
10 10 iy A D 
10 10 Y A N 
10 10 ¥ A Q 
10 10 ¥ A S 
10 10 Y A E 
8 8 ¥ A Q 
8 8 ¥ A S) 
10 10 ¥ A E 
10 10 Y A S 


All Ratings Max Unless Otherwise Noted 


PACKAGE CODES — D = Cerdip, N= PDIP, P = PLCC, 5S = SOIC, L = LCC, 


E = Plastic Flat Pack, G = PGA, QO = SSOP, R = SOIC, W = PDIP 
TEMP — IND = Industrial —40 to +85°C, MIL = Military —55 to +jar-¢ 


Pkg 
Width 


0.300” 
0.400” 


0.300” 
0.200” 
0.300” 
0.300” 


0.550” 


0.300” 
0.335” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.200” 
0.300” 
0.450” 


0.200” 
0.300” 


0.670” 


0.300” 


Temp 


Range 


IND 
IND 


IND 
IND 
IND 
IND 


IND 


IND 
IND 


IND 
IND 
IND 
MIL* 
IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 


COM 


COM 


# of 
Pins 
24 
24 


24 
24 
24 
24 


52 


28 
28 


24 
24 
24 
24 


20 
28 
28 
28 
28 
44 


28 
28 


64 


VREF 
Tested 
+0.6 to 2.6 V 
+0.6 to 2.6 V 


+0.6 to 2.6 V 
+0.6 to 2.6 V 
+0.6 to 2.6 V 
+0.6 to 2.6 V 


+5.0 V 


+4.6V 
+4.6V 


+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 
+4.6V 


OVto1.5V 
OVto1.5V 


OVto1.5V 


OVto1.5V 


O0to5V 


OVto1.5V 
OVto1.5V 


OVto1.5V 


OVto1.5V 


INL 


(+ LSB) (+ LSB) 


1 1/2 
11/2 


eee 


DNL 


3/4 
3/4 


1/2 
1/2 


— — —t sh 


3/4 


3/4 


Speed 


20 MSPS 
20 MSPS 


30 MSPS 
30 MSPS 
30 MSPS 
30 MSPS 


2 MSPS 


2 MSPS 
2 MSPS 


1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 
1 MSPS 


1.6 MSPS 
1.6 MSPS 


1.25 MSPS 


0.6 MSPS 


Power (mW) 


1Z3 
125 


110 
110 
110 
110 


200 


200 
200 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


1 
fe) 


500 


180 


TOM 


*Contact Factory for Non-Compliant Military Processing 


**Preliminary Product 


Part # 


MP76L86 
MP76L86 


MP76L90 
MP76L90 


MP87L75 
MP87L75 
MP87L75 


MP87L76 
MP87L76 


MP87L82 


MP87L84 
MP87L84 


MP87L85 
MP87L85 
MP87L85 
MP87L85 


MP87L91 
MP87L91 


MP87L92 
MP87L92 


MP87L95 
MP87L95 


MP87L98 
MP87L98 
MP87L98 
MP87L98 


MP87L99 


y i fsfyistpit i}; 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G= PGA, OQ = SSOP. R = SOIC, W = PDIP 


Oo Oo 


ak: ek a ak 
Cc CoO MO © 
co CO MO © 


£ APH HK 


Res. Interface Track/ 
Hold 


Y 
» 


<<<<«< 


< 


Grade 


A 
A 


A 
A 


A 
A 
A 


A 
A 


rrYrpYp 


> 


Pkg 


N 
S 


SsoDZz 


Zz 


NO ZO 


m 


TEMP — IND = Industrial -40 to +85° C, MIL = Military —55 to +125°C 


Tested 
VREE 
+3 V 
+3 V 


+3 V 
+3 V 


+0.5 to 2.5 V 
+0.5 to 2.5 V 
+0.5 to 2.5 V 


+0.6 to 2.6 V 
+0.6 to 2.6 V 


+0.6 to 2.4 V 


+0.6to2.4V 
+0.6 to 2.4 V 


+0.5to2.5V 
+0.5to2.5V 
+0.5to 2.5 V 
+0.5 to 2.5 V 


+3.0 V 
+3.0 V 


+3.0 V 
+3.0 V 


+3.0 V 
+3.0 V 


+2.6 V 
+2.6 V 
+2.6V 
+2.6V 


+2.6 V 


VREF 
Range 


0to3.3V 
0to3.3 V 


0to3.3V 
0to3.3V 


0to3.3 V 
0to3.3V 
0to3.3V 


Oto5V 
Oto5V 


0to3.3V 


0to3.3V 
0to3.3V 


0to3.3 V 
O0to3.3V 
0to3.3 V 
0 to 3,3 V 


0to3.3 V 
0to3.3 V 


0to3.3V 
0to3.3V 


0to3.3V 
0to3.3V 


0to3.3 V 
0to 3.5 V 
0to3.3V 
Ote3.3 V 


0to3.3V 


— —_b 


a ee ee 2 


—_— 


DNL 
(+ LSB) (+ LSB) 


1 
{ 


a a ee 


Speed 
6 MSPS 
6 MSPS 


5 MSPS 
5 MSPS 


10 MSPS 
10 MSPS 
10 MSPS 


30 MSPS 
30 MSPS 


2 MSPS 


2 MSPS 
2 MSPS 


10 MSPS 
10 MSPS 
10 MSPS 
10 MSPS 


1 MSPS 
1 MSPS 


1 MSPS 
1 MSPS 


0.25 MSPS 
0.25 MSPS 


0.25 MSPS 
0.25 MSPS 
0.25 MSPS 
0.25 MSPS 


0.25 MSPS 


Power (mW) 


20 
20 


45 
45 


30 
30 
30 


110 
110 


Bus 


# Res. Interface Track/ Pkg Temp #of VREF VREF INL DNL 
Part # New MUXs Bits’. Bits Hold Grade Pkg Width Range Pins Tested Range (+ LSB) (+ LSB) Speed Power (mW) 
MP8820 New 8 8 8 - A Q 0.200” IND 28 OVto1.5V OVto1.5V 1 —1,2 1.6 MSPS 75 
MP8820 New 8 8 8 Y A S 0.300” IND 28 OVto1.5V OVto1.5V 1 -1,2 1.6 MSPS 75 
MP8830 New 3 10 10 ¥ A E 0.670” COM 64 OVto1.5V OVto1.5V 11/2 3/4 1.25 MSPS 500 
MP8831 New** 1 10 10 Y A S 0.300” COM OVto1.5V OVto1.5V 11/2 3/4 0.6 MSPS 180 


MED LO OO LI Es 


All Ratings Max Unless Otherwise Noted 1-20 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 

E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 

TEMP — IND = Industrial 40 to +859 C, MIL = Military -55 to +125C 


TOM 


** Preliminary Product 


Part # 

MP1208 
MP1208 
MP1208 


MP1209 
MP1209 
MP1209 


MP1210 
MP1210 


MP1230 
MP1230 


MP1230A 
MP1230A 


MP1231 
MP1231 
MP1231 
MP1231 


MP1231A 
MP1231A 


MP1232 
MP1232 


MP1232A 
MP1232A 


MP7226 
MP7226 
MP7226 
MP7226 
MP7226 
MP7226 


MP7228 
MP7228 
MP7228 
MP7228 


Res. 
New Bits 
12 
12 
12 


12 
12 
12 


12 
12 


12 
¥2 


ft 
12 


12 
12 
12 
12 


12 
12 


# of 
DACS 


lorV 
Out 
| 
| 
| 


eS < 2S Ss = 


<<< 


Bus 


2or4 Double/ Interface 

Quad Buffered Mult. Bits 
4Q DB Y 4/8, uP 
4Q DB ¥ 4/8, uP 
4Q DB Y 4/8, uP 
4Q DB Y 4/8, uP 
4Q DB ¥ 4/8, uP 
4Q DB Y 4/8, uP 
4Q DB ¥ 4/8, uP 
4Q DB Y 4/8, uP 
4Q DB ¥ 8/4, uP 
4Q DB ¥ 8/4, uP 
4Q DB ¥ 8/4, uP 
4Q DB ¥ 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB ¥ 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB ¥ 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB Y 8/4, uP 
4Q DB T 8/4, uP 
2Q DB 8, pP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 
2Q DB 8, uP 


2Q 


y £4 fsiy+;}*, 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 


TEMP - IND = Industrial 40 to +85° C, MIL = Military —55 to +125°C 


8, uP 


Grade Pkg 
B D 
K N 
T D 
A D 
J N 
S D 
H N 
R D 
B D 
K N 
B N 
B S 
A D 
J N 
J S 
S) D 
B N 
B S 
H N 
Z D 
B N 
B S 
K N 
K P 
K S) 
L N 
L P 
L S) 
K N 
K P 
L N 
L. P 


Pkg 
Width 
0.600” 
0.600” 
0.600” 


0.600” 
0.600” 
0.600” 


0.600” 
0.600” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 


0.300” 
0.450” 
0.300” 
0.450” 


1-21 


Temp 

Range 
IND 
IND 
MIL* 


IND 
IND 
MIL* 


IND 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 


Operating 
Voltage 
4.5to16V 
4.5to16V 
45to16V 


4.5to16V 
4.5to16V 
4.5to16V 


4.5to16V 
45to 16V 


4.5to16V 
4.5to16V 


45to16V 
4.5to16V 


4.5to 16 V 
4.5to16V 
45to16V 
4.5to 16V 


4.5to 16V 
45to16V 


4.5to 16V 
4.5to16V 


4.5to16V 
4.5to16V 


15 V 
15 V 
15 V 
18 ¥V 
15V 
15V 


—5/15 V 
-§/15V 
-5/15 V 
-5/15 V 
ae ees 


INL 


(+/— LSB) (+/— LSB) 


1/2 
1/2 
1/2 


1 
1 


DNL 


3/4 
3/4 


Gain 

Error 

ha 
0.4% FSR 
0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


0.4% FSR 
0.4% FSR 


1/2 LSB 
1/2 LSB 
1/2 LSB 
1/2 LSB 
1/2 LSB 
1/2 LSB 


SS ee ee ee ee 


1 LSB 
1 LSB 
1/2 LSB 
1/2 LSB 


in 


iY) 


G 
L 


\e) 


hm Po MO PP hm Mw hm mM MW PY NM Ph hm P NM Pp hm Ph P rs fo ty | 


20 
20 
20 
20 
20 
20 


5 Typ 
5 Typ 
5 Typ 
5 Typ 


Settling 
Time (ns) 
1000 Typ 
1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


1000 Typ 
1000 Typ 


5000 
5000 
5000 
5000 
5000 
5000 


7000 
7000 
7000 
7000 


TOM 


*Contact Factory for Non-Compliant Military Processing 


Bus 


Res. #of lorV 2o0r4 _ Double/ Interface 
Part # New Bits DACS Out Quad Buffered Mult. Bits 
MP7523 8 1 | 4Q 7 8 
MP7523 8 1 | 4Q ¥ 8 
MP7523 8 1 | 4Q ¥ 8 
MP7523 8 1 | 4Q Y 8 
MP7524 8 1 | 4Q B y 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B Y 8 
MP7524 8 1 | 4Q B Y 8 
MP7524 8 1 | 4Q B v 8 
MP7524 8 1 | 4Q B Y 8 
MP7524 8 1 | 4Q B i 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B Y 8 
MP7524 8 1 | 4Q B é 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B ¥ 8 
MP7524 8 1 | 4Q B T 8 
MP7524 8 1 |  4Q BY 8 
MP7524A 8 1 | 4Q B ¥ 8 
MP7524A 8 1 | 4Q B ¥ 8 
MP7524A 8 1 | 4Q B Y 8 
MP7524A 8 1 | 4Q B v 8 
MP7524A 8 1 | 4Q B ¥ 8 
MP7524A 8 1 | 4Q B Y 8 
MP7528 8 2 | 4Q B e 8 
MP7528 8 2 | 4Q B ¥ 8 
MP7528 8 vs | 4Q B ¥ 8 
MP7528 8 ze | 4Q B ¥ 8 
MP7528 8 2 | 4Q B Y 8 
MP7528 8 2 | 4Q B bi 8 
MP7528 8 2 | 4Q B Y 8 
MP7528 8 2 | 4Q B Y 8 
MP7528 8 2 | 4Q B ¥ 8 
MP7528 8 2 | 4Q B ¥ 8 
MP7528 8 2 | 4Q B ¥ 8 


All Ratings Max Unless Otherwise Noted 

PACKAGE CODES —D = Cerdip, N= PDIP, P = PLCC, § = SOIC, L.= LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 

TEMP — IND = Industrial -40 to +85°C, MIL = Military —55 to +125°C 


PTT ARKRACCCOWOPFP ONDNOWWOFYF CAWMNTFTTTKRAKAACCCCOWOYFP AACS 


Grade Pkg 


VZOUVUZOV2000 D2VRBZDV2 OUGOV2ZODWV]|S|YHADAVZAOCVU0O0 D202 


Pkg 
Width 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.150” 
0.300” 
0.300” 
0.350” 
0.150” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.150” 
0.300” 
0.150” 
0.300” 
0.150" 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 


Temp 
Range 


IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 


# of 
Pins 
16 
16 
16 
16 


16 
16 
16 
16 
20 
16 
16 
16 
20 
16 
16 
16 
20 
16 
16 
16 
16 


16 
16 
16 
16 
16 
16 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


Operating 
Voltage 
5 to 16 V 
5to 16 V 
5 to 16 V 
5 to 16 V 


15V 
15 V 
15 V 
16 ¥ 
15V 
15 V 
15 V 
15 V 
15 V 
15 V 
15 ¥ 
15 V 
15 V 
15 V 
15 V 
15V 
15V 


15 V 
15 V 
15 V 
15V 
15V 
15V 


4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 


INL 


(+/— LSB) (+/—- LSB) 


1/2 
1/2 
1/4 
1/4 


1/2 
1/4 
1/8 
1/2 
1/2 
1/2 
1/2 
1/4 
1/4 
1/4 
1/4 
1/8 
1/8 
1/8 
1/2 
1/4 
1/8 


1/2 
1/2 
1/4 
1/4 
1/8 
1/8 


1 
1/2 
1/4 
11 


DNL 


1 
1 
| 
{ 


i a a a a a a ee a ee ce a Se ce ce Ca 6 


ee ee ee ee F 


ee ee ee ee ee ee ee ee ee 


Gain 

Error 

(+/-) 
1.8% FSR 
1.8% FSR 
1.8% FSR 
1.8% FSR 


0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 


0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 
0.6% FSR 


5 LSB 
3 LSB 
1 LSB 
5 LSB 
5 LSB 
5 LSB 
3 LSB 
3 LSB 
3 LSB 
1 LSB 
1 LSB 


Gain Settling 
Le. Time (ns) 
35 150 
ao 150 
35 150 
35 150 
35 100 
30 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 


TO)M 


*Contact Factory for Non-Compliant Military Processing 


Part # 
MP7528 
MP7528 
MP7528 


MP7529A 
MP7529A 
MP7529A 
MP7529A 
MP7529A 
MP7529A 


MP7529B 
MP7529B 
MP7529B 
MP7529B 
MP7529B 
MP7529B 


MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 
MP7533 


MP7541 
MP7541 
MP7541 
MP7541 
MP7541 
MP7541 
MP7541 
MP7541 


MP7541B 
MP7541B 


yf ff ff f f+ 


Res. #of lorV 2o0r4 Double/ Interface 
Bits DACS Out Quad Buffered Mult. Bits 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B Y 8 
8 2 | 4Q B Y 8 
8 2 | 4Q B Y 8 
8 2 | 4Q B ¥ 8 
8 pe | 4Q B ¥ 8 
8 2 | 4Q B Y 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B Y 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B ¥ 8 
8 2 | 4Q B Y 8 
10 1 | 4Q B ¥ 10 
10 1 | 4Q B Y 10 
10 1 | 4Q B ¥ 10 
10 1 | 4Q B ¥ 10 
10 1 | 4Q B Y 10 
10 1 | 4Q B ¥ 10 
10 1 | 4Q B Y 10 
10 1 | 4Q B i 10 
10 1 | 4Q B ¥ 10 
10 1 | 4Q B bg 10 
10 1 | 4Q B Y 10 
10 1 | 4Q B ¥ 10 
12 1 | 4Q ¥ 12 
12 1 | 4Q ¥ 1Z 
12 1 | 4Q Y 12 
12 1 | 4Q ¥ gs 
12 1 | 4Q Y 12 
12 1 | 4Q ¥ 12 
12 1 | 4Q ¥ 12 
12 1 | 4Q ¥ 12 
12 1 | 4Q ¥ y 
12 1 ¥ 12 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, OQ = SSOP, R = SOIC, W = PDIP 


TEMP - IND = Industrial 40 to +85°C, MIL = Military —55 to +125°C 


Bus 


— @ i 


Wr ANAA-— fe WYP CAMNTFTKRACCOWOF KAKRACCS 


Grade Pkg 


UU VDONSZHNZVUVGU DVDVUONZNZNZVVO NAVANnNVS! NVSA™VnNHNV2 0C0%M 


Pkg 
Width 
0.300” 
0.300” 
0.300” 


0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 


0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


1-23 


Temp 
Range 


IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL” 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


# of 
Pins 
20 
20 
20 


20 
20 
20 
20 
20 
20 


20 
20 
20 
20 
20 
20 


16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 


18 
18 
18 
18 
18 
18 
18 
18 


18 
18 


Operating 
Voltage 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 


10.8 to 15.75 V 
10.8 to 15.75 V 
10.8 to 15.75 V 
10.8 to 15.75 V 
10.8 to 15.75 V 
10.8 to 15.75 V 


4.5to5.5V 
4.5to5.5V 
4.5to5.5V 
4.5to5.5V 
45to5.5V 
4.5to5.5V 


45to16V 
45to16V 
4.5to16V 
4.5to 16 V 
4.5to16V 
45to16V 
45to16V 
45to16V 
4.5to16V 
45to16V 
45to16V 
4.5to16V 


4.5to 16 V 
4.5to16V 
4.5to 16V 
4.5to 16V 
4.5to 16 V 
4.5to 16V 
4.5to 16V 
4.5to 16 V 


4.5to 16V 
4.5to 16V 


INL 


1/4 
1 
1/2 


1/2 
1/2 
1 
1/2 


1 
1/2 


DNL 
(+/- LSB) (+/—LSB) 


a eo 


ee eS ee ee ee ee ee 


ee ee ee 


1 
1/2 


Gain 
Error 
(+/—) 
1 LSB 
5 LSB 
3 LSB 


5 LSB 
5 LSB 
5 LSB 
3 LSB 
3 LSB 
3 LSB 


5 LSB 
5 LSB 
5 LSB 
3 LSB 
3 LSB 
3 LSB 


1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 
1.5% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 


8 LSB 
5 LSB 


Gain 
T.C. 
35 
35 
35 


35 
35 
35 


MONMNNNNNNNNN DN DY 


MMNMNMNMN PN PY 


Nh Pp 


Settling 
Time (ns) 
200 
200 
200 


200 Typ 
200 Typ 
200 Typ 
200 Typ 
200 Typ 
200 Typ 


200 Typ 
200 Typ 
200 Typ 
200 Typ 
200 Typ 
200 Typ 


500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 


500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 


500 Typ 
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Part # 
MP7541B 
MP7541B 
MP7541B 
MP7541B 
MP7541B 
MP7541B 


MP7542 
MP7542 
MP7542 
MP7542 
MP7542 
MP7542 
MP7542 
MP7542 


MP7543 
MP7543 
MP7543 
MP7543 
MP7543 
MP7543 
MP7543 
MP7543 
MP7543 
MP7543 


MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 
MP7545 


ML ES 


12 


ee ee ee ee ee ee ee ee See 2 


— a a a a a ee ee ee ee a ee ee 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85°C, MIL = Military -55 to +125°C 


2or4 Double/ 


Quad Buffered Mult. 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4,44 ff, 


DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 


DOwWWDWWWWWWWDW W 


<<<<«<< 


<<<<<<«<<« 


<<<<<<<<«<< 


<<<<<<<<«<«<«<«<< 


Interface 


Bits 
12 
12 
12 
12 
12 
12 


4,uP 
4, uP 
4, uP 
4, uP 
4, uP 
4, uP 
4, uP 
4, uP 


Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 


12, uP 
12, uP 
12, uP 
Te, iF 
12, uP 
12, uP 
12, UP 
12, uP 
12, WP 
12, uP 
12, uP 
12, uP 
12, uP 


Grade Pkg 
J N 
J S 
K N 
K S 
S D 
T D 
A D 
B D 
J N 
J S 
K N 
K S 
S) D 
T D 
A D 
B D 
J N 
J P 
J S 
K N 
K P 
K S 
S D 
ii D 
A D 
B D 
C D 
J N 
J r 
J S 
K N 
K P 
K S 
L N 
L P 
L S 
S) D 


Pkg 

Width 

0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 


1-24 


Temp 
Range 


IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 


# of 
Pins 
18 
18 
18 
18 
18 
18 


16 
16 
16 
16 
16 
16 
16 
16 


16 
16 
16 
20 
16 
16 
20 
16 
16 
16 


20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


Operating 
Voltage 
45to16V 
45to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 


4.5to5.5V 
4.5to5.5V 
4.5to5.5V 
4.5to5.5V 
4.5 to 5.5 V 
45to55V 
4.5to5.5V 
4.5to5.5V 


4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 
4.75 to 5.25 V 


5to15V 
5to15V 
5to 15 V 
5to15V 
5to15V 
5to15V 
5to15V 
5to 15 V 
5to15V 
5to15V 
5 to 15V 
5to15V 
S16 15 V 


INL 


[> up 
IN) 


— — MO DM PY 


DNL 
(+/—LSB) (+/—LSB) 


— —S#srp —| —| P PNP — PO 


— > — — — Nd AD PD — fo 


A a S23 Ss] |S ss |= LA LHL = = L 


14.5 LSB 
14.5 LSB 
14.5LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5LSB 


14.5LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5 LSB 
14.5LSB 
14.5LSB 
14.5 LSB 


25 LSB 
15 LSB 
10 LSB 
25 LSB 
25 LSB 
25 LSB 
15 LSB 
15 LSB 
15 LSB 
10 LSB 
10 LSB 
10 LSB 
25 LSB 


MMNMNM NM NM PN P 


MONMNNNNNMNNN DN PY 


MNMONMNNNNNNNNN DN PY 


Settling 
Time (ns) 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


*Contact Factory for Non-Compliant Military Processing 


Part # 


MP7545 
MP7545 


MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 


MP75L24 
MP75L24 


MP75L43 
MP75L43 


MP75L45 
MP75L45 


MP7610 
MP7610 
MP7610 
MP7610 


MP7611 
MP7611 
MP7611 
MP7611 
MP7611 
MP7611 
MP7611 


MP7612 
MP7612 
MP7612 
MP7612 
MP7612 


MP7613 
MP7613 


New Bits 


New 
New 


New 
New 


Res. #of 
DACS Out 


12 1 
12 1 


12 
12 
12 
12 
lz 
12 
12 
12 


SS ee ee ee ee ee | 


8 12 
8 12 


12 1 
12 1 


12 
12 1 


14 
14 
14 
14 


14 8 
14 8 
14 8 
14 8 
14 8 
14 8 
14 8 


12 8 
12 8 
12 8 
12 8 
12 8 


i 
12 8 


ee) 


A 


=< << << <= < SK esses 6S ESS 


lorV 2or4 _ Double/ 
Quad Buffered Mult. 


4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
4Q B 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 
2Q DB 


LT 


All Ratings Max Unless Otherwise Noted 


¥ 


< 


<<<~<«<~<«<«<<«< 


<< << << 


(4 f 


Bus 
Interface 
Bits 


12, pP 
12, uP 


12, oP 
12, uP 
12, oP 
12, uP 
12; pP 
12, uP 
12, 2P 
12, uP 


8 
8 


Serial, uP 
Serial, uP 


12, uP 
12, uP 


Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 


Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 


Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 


Parallel, uP 
Parallel, uP 


PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 
TEMP - IND = Industrial 40 to +85° C, MIL = Military -55 to +125°C 


> > CArHTrT KAKA esa 


CC. 


A A 


rr NDWOYrYrYr NAWWWOYTYrYP WWAYY 


Grade Pkg 


GCUCUNAVZAVNAV2Z 


QOvgdamMuvg™mM NZN2Z nz nz 


OUONZNZ 


@ mM 


Pkg 
Width 
0.300” 
0.300” 


0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 


0.300” 
0.150” 


0.300” 
0.300” 


0.300” 
0.300” 


0.400” 
0.300” 
0.400” 
0.300” 


0.550” 
0.600” 
0.550” 
0.550” 
0.600” 
0.550” 
0.600” 


0.400” 
0.300” 
0.400” 
0.300” 
0.300” 


0.550” 
0.600” 


1-25 


Temp 
Range 


MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 
IND 


IND 
IND 


# of 
Pins 
20 
20 


20 
20 
20 
20 
20 
20 
20 
20 


16 
16 


16 
16 


20 
20 


28 
28 
28 
28 


44 
44 
44 
44 
44 
44 
44 


28 
28 
28 
28 
28 


44 
44 


Operating 


Voltage 
5to15V 
5to15V 


516 15 V 
5to15V 
5to15V 
5to15V 
5to15V 
5 to 15 'V 
5to15V 
5to15V 


3.0 to 3.6 V 
3.0 to 3.6 V 


3.0 to 3.6 V 
3.0 to 3.6 V 


3.0 to 3.6 V 
3.0 to 3.6 V 


+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12V 


+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 


+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 


+12/-12 V 
+12/-12 V 


INL 
(+/— LSB) (+/- LSB) 


1/2 


—_ 


1 


— . nN 4 4 4 4 4 


—* 


or AR HO WO OO 


DNL 


{ 
1 


SS ee ee ee ee ee ee 9 


Gain 

Error 

(+/—) 
1S L565 
10 LSB 


3 LSB 
3 LSB 
3 LSB 
1 LSB 
1 LSB 
1 LSB 
15 LSB 
10 LSB 


3 LSB 
3 LSB 


10 LSB 
10 LSB 


32 LSB 
32 LSB 
24 LSB 
24 LSB 


32 LSB 
32 LSB 
32 LSB 
24 LSB 
24 LSB 
24 LSB 
32 LSB 


8 LSB 
8 LSB 
6 LSB 
6 LSB 
6 LSB 


8 LSB 
8 LSB 


in 


ai GY 
be) 


Settling 
Time (ns) 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


100 
100 


TOM 
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Res. #of 
Part # New Bits DACS 
MP7613 12 8 
MP7613 12 8 
MP7613 12 8 
MP7613 12 8 
MP7614 14 1 
MP7614 14 1 
MP7614 14 1 
MP7614 14 1 
MP7614 14 1 
MP7616 16 1 
MP7616 16 1 
MP7616 16 1 
MP7616 16 1 
MP7616 16 1 
MP7616 16 1 
MP7616 16 1 
MP7626 16 1 
MP7626 16 1 
MP7626 16 1 
MP7626 16 1 
MP7626 16 1 
MP7626 16 1 
MP7626 16 1 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7628 8 4 
MP7633 10 1 
MP7633 10 1 


MP7633 10 


y 4 sify*ys)*, 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L= LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP — IND = Industrial 40 to +85°C, MIL = Military —55 to 4125'C 


2or4 Double/ 
Quad Buffered Mult. 


2Q 
2Q 
2Q 
2Q 


4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 


DB 
DB 
DB 
DB 


DWDOWWUDWWWWDW W 


OW WD 


<<<<<<< <<<<<<< <«<«<«<< 


<x<<<<<«<<<«<< 


<<< 


Bus 
Interface 
Bits 


Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 


14 
14 
14 
14 
14 


16 
16 
16 
16 
16 
16 
16 


16 
16 
16 
16 
16 
16 
16 


U0UU0U0 'U 


5 


co 09 69 GO CD CO | | HM OM 
St et ee ee ee ee ee eee 
UU U UY 


ee 
oO © 


Grade Pkg 
A P 
B = 
) G 
B F 
J N 
K D 
K N 
K S) 
T D 
J D 
J N 
J S) 
K D 
K N 
K S) 
1 D 
J D 
J N 
J P 
K D 
K N 
K Fp 
L D 
A D 
) D 
J N 
J P 
J S 
K N 
K P 
K S 
S) D 
bi D 
A D 
B D 
C D 


Temp 


Range 


IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 


Operating 
Voltage 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 


4.5to16V 
45to16V 
4.5to 16V 
4.5to16V 
45to16V 


4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 


4.5to 16.5 V 
4.5to16.5V 
4.5 to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 


4.5to5.5V 
4.5to55V 
4.5to5.5V 
4.5to5.5V 
45to5.5V 
4.5to5.5V 
45to5.5V 
45to 5.5V 
4.5to5.5V 
4.5to5.5V 


4.5to16V 
4.5to16V 
4.5to16V 


INL 


(+/- LSB) (+/—LSB) 


DNL 


1 
0.75 
0.75 
0.75 


Gain 
Error 
(+/=) 
8 LSB 
6LSB 
6 LSB 
6 LSB 


0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 


0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 


0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 


1.8% FSR 
0.9% FSR 
1.8% FSR 
1.8% FSR 
1.8% FSR 
0.9% FSR 
0.9% FSR 
0.9% FSR 
1.8% FSR 
0.9% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 


Gain 
Lg. 


MMMM NM DN PP Mm MO NM PH P 


MONMNNMNNNDND PY 


MOMONNNNNNN PY 


Settling 
Time (ns) 
50000 
50000 
50000 
50000 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


250 
250 
250 
250 
250 
250 
250 
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Part # 


MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 


MP7636A 
MP7636A 
MP7636A 
MP7636A 
MP7636A 
MP7636A 
MP7636A 


MP7641 
MP7641 


MP7643 
MP7643 


MP7645B 
MP7645B 
MP7645B 
MP7645B 
MP7645B 
MP7645B 


MP7651 
MP7651 


MP7652 
MP7652 


MP7670 
MP7670 


 < 


New 
New 


New 
New 


New 
New 


Res. 
New Bits 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


16 
16 
16 
16 
16 
16 
16 


8 


8 
8 


# of 
DACS 


ee ee ee ee ee 


ee ee ee ee 


4 


8 


or 
Ou 


V 


V 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial 40 to +85°C, MIL = Military —55 to +125°C 


V 
t 


2or4 Double/ 
Quad Buffered Mult. 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


2Q 
2Q 


2Q 
2Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


2Q 
2Q 


2Q 
2Q 


4Q 


es) 


DWDOWWDWDWDWWA Ww 


DB 
DB 


DB 


<<<<<<<~«<<~«<<«< 
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< 


<<«<<«<< 


Y 


,4f4ifsi*fy*f/*,; 


Bus 
Interface 
Bits 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


omnmnnmnnwnwmnwn 
cEEER CEE 


UTUT0T0UV07N0 U0 'U 


Serial uP 
Serial uP 


8, uP 
8, uP 


12, uP 
12 BF 
12, bP 
12, uP 
12, pF 
12, uP 


Serial uP 
Serial uP 


Serial 
Serial 


Serial 
Serial 


AMF rTRrTRARCCS 


ANTrFAACS 


> > > > 


CAreAOD 


> > 


OZ HO2 HO2 VGOUZZVO HO2 HZ VUOUHOUOHND GOHVZHVZHUZE 


Pkg 

Width 

0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.335” 


0.335” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.335” 


0.300” 
0.300” 


0.300” 
0.300” 


1-27 


Temp 
Range 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


Operating 
Voltage 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to 16V 
4.5to 16V 
4.5to16V 
4.5 to 16 V 
4.5to16V 
4.5to16V 


4.5 to 16.5 V 
4.5 to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 


—5,+5,+10V 
—5,+5,+10V 


—5,+5,+10V 
—5,+5,+10V 


4.5to15V 
4.5to15V 
4.5to15V 
4.5to15V 
4.5to15V 
4.5to15V 


—-5,+5V 
—5,+5V 


—5, +5, +10 V 
—5, +5, +10 V 


—-5,+5V 
—5,+5V 


INL DNL 
(+/— LSB) (+/— LSB) 
2 2 
2 2 
e 
1 1 
1 1 
1 1 
1/2 1/2 
1/2 1/2 
1/2 1/2 
2 2 
1 1 
4 4 
4 4 
2 Z 
2 2 
2 1 
4 4 
2 2 
1 0.8 
1 0.8 
1 1/2 
1 1/2 
1 1 
1/2 1/2 
1 1 
1/2 1/2 
1 1 
1/2 1/2 
1 0.8 
1 0.8 
1 1/2 
1 1/2 


Gain 

Error 

(+/-) 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 


0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 
0.1% FSR 


1.5% FSR 
1.5% FSR 


1.5% FSR 
1.5% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 
0.4% FSR 


1.5% FSR 
1.5% FSR 


1.5% FSR 
1.5% FSR 


1/2 LSB 
1/2 LSB 


Gain 


— 


MMM NN ND PP 


MNMONMNN DY 


Settling 
Time (ns) 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


500 
500 


150 
150 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


500 
500 


150 
150 


5 us 
5 us 
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Part # 


MP7680 
MP7680 
MP7680 
MP7680 
MP7680 
MP7680 
MP7680 
MP7680 
MP7680 


MP8840 
MP8840 


yf 4 f ff ff ff +; 


All Ratings Max Unless Otherwise Noted 


Res. 
New Bits 


12 
12 
12 
12 
I2 
12 
12 
t2 
12 


RA HAHA HAAS 


[ee] 


2or4 Double/ 
Quad Buffered Mult. 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 


DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 
DB 


DB 
DB 


<<<<<<«<<«<<« 


<< 


Bus 
Interface 
Bits 


4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 


Serial 
Serial 


PACKAGE CODES —- D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 


TEMP - IND = Industrial -40 to +85° C, MIL = Military —55 to “125°C 


Grade Pkg 
J D 
J E 
J N 
K D 
K E 
K N 
L E 
. N 
S D 
A N 
A S 


Pkg 

Width 

0.600” 
0.550” 
0.600” 
0.600” 
0.550” 
0.600” 
0.550” 
0.600” 
0.600” 


0.300” 
0.300” 


1-28 


Temp 
Range 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 


24 
24 


Operating 
Voltage 

4.5to55V 
45to55V 
4.5to5.5V 
4.5to55V 
4.5to5.5V 
4.5to5.5V 
4.5to55V 
4.5to5.5V 
45to5.5V 


—-5,4+5V 
—-5,+5V 


Gain 
INL DNL Error 
(+/- LSB) (+/-LSB)  (+/-) 
2 4 16 LSB 
2 4 16LSB 
2 4 16 LSB 
1 2 16 LSB 
1 2 16 LSB 
1 2 16 LSB 
1/2 1 16 LSB 
V2 1 16LSB 
2 4 16 LSB 


Gain Settling 

T.C. Time (ns) 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 


ine) 


NNNMNNNNDND PP 


6 us 
6 us 
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Part # 
MP1208 


MP1209 
MP1210 
MP1231 
MP7524 
MP7524 


MP7524 


MP7528 
MP7528 


MP7533 
MP7533 
MP7533 


MP7541B 
MP7541B 


MP7542 
MP7542 


MP7543 
MP7543 


MP7545 
MP7545 
MP7545 


MP7545B 
MP7545B 


MP7611 


MP7614 


MP7616 


De 


Res. 

New Bits 
la 

12 

12 


12 


(ee) 


te 


16 


# of 


1 


lorV 2or4 _ Double/ 
DACS Out Quad Buffered Mult. 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 


E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 


DB 


DB 
DB 


DB 


Bus 
Interface 
Bits 


4/8, uP 


4/8, uP 

4/8, uP 

8/4, uP 
8 


8 
8 


10 
10 
10 


12 
12 


4, uP 
4, uP 


Serial, uP 
Serial, uP 


12, uP 
t2, pP 
12, uP 


12, uP 
12, oF 


Parallel, uP 


14 


16 


TEMP - IND = Industrial 40 to +85°C, MIL = Military -55 to + 125°C 


Grade Pkg 
T D 
S) D 
R D 
S) D 
S) D 
T D 
U D 
S D 
T D 
S) D 
T D 
U D 
S D 
T D 
S D 
T D 
S D 
‘3 D 
S) D 
T D 
U D 
T D 
U D 
S G 
T D 

D 


Pkg 
Width 

0.600” 
0.600” 
0.600” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 
0.300” 


0.300” 
0.300” 


0.600” 
0.300” 


0.400” 


1-29 


Temp 
Range 
MIL* 
MIL* 
MIL* 
MIL* 
MIL* 
MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL” 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 
MIL* 


MIL* 
MIL* 


MIL* 


MIL” 


MIL* 


24 


20 
20 


16 
16 
16 


18 
18 


16 
16 


16 
16 


20 
20 
20 


20 
20 


44 


20 


fe 


4.5to 16 V 


Operating 


Voltage 
45to16V 


4.5to 16 V 

4.5to16V 

4.5to 16V 
15 ¥ 


15 V 
15 V 


4.5 to 15.75V 
4.5 to 15.75V 


4.5to 16V 
45to 16V 
45to16V 


4.5to16V 
4.5to16V 


45to5.5V 
4.5to55V 


4.75 to 5.25 V 
4.75 to 5.25 V 


Sie 15 'V 
5to15V 
5to15V 


5to15V 
5to 15 V 


+12/-12V 


45to16V 


INL DNL 
(4/—- LSB) (+/—LSB) 

1/2 3/4 
1 1 
2 2 
1 1 
1/2 1 
1/4 1 
1/8 1 
1 1 
1/2 1 
2 | 
1 | 
1/2 1 
1 1 

1/2 1/2 
1 2 
1/2 1 
| 2 
1/2 1 
2 4 
| | 
12 1 
| 1 
1/2 1 
8 4 
2 2 
7 8 


Gain 

Error 

(+/—) 
0.4% FSR 


0.4% FSR 
0.4% FSR 
0.4% FSR 
0.6% FSR 
0.6% FSR 


0.6% FSR 


5 LSB 
3 LSB 


1.5% FSR 
1.5% FSR 
1.5% FSR 


8 LSB 
5 LSB 


14.5 LSB 
14.5LSB 


14.5 LSB 
14.5LSB 


25 LSB 
15 LSB 
10 LSB 


15 LSB 
10 LSB 


32 LSB 


0.8% FSR 


Gain 
Te. 
2 


2 


2 


2 


Settling 
Time (ns) 

1000 Typ 

1000 Typ 

1000 Typ 

1000 Typ 

100 

100 

100 


200 
200 


500 
500 
500 


500 Typ 
500 Typ 


2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 


50000 
2000 Typ 


2000 Typ 


TOM 
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Part # 


MP7628 
MP7628 


MP7633 
MP7633 


MP7636A 
MP7636A 


MP7645B 
MP7645B 


MP7680 


y isfy; *f**;*+ ;,; 


All Ratings Max Unless Otherwise Noted 


Res. Interface Track/ 
Bits 


4 
4 


— 


4Q 
4Q 


4Q 
4Q 


4Q 
4Q 


4Q 
4Q 


4Q 


Grade 

B Y 
B Y 
B ¥ 
B Y 
DB Y 
DB Y 
B Y 
B ¥ 
DB Y 


Pkg Width 


PACKAGE CODES =D = Cerdip, N = PDIP. P= PLCC, § = SOIC, L = LCC, 
E = Plastic Fiat Pack, G = PGA, GO = SSOP. R = SOIC, W = PDIP : 
TEMP - IND = Industrial -40 to +85°C, MIL = Military -55 to +125°C 


Pkg 


Temp 
Range 
D 
D 


D 
D 


D 
D 


# of 
Pins 


0.600” 
0.600” 


0.300” 
0.300” 


0.300” 
0.300” 


0.300” 
0.300” 


0.600” 


1-30 


Tested 
VREE 
MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 
MIL* 


MIL* 


28 
28 


16 
16 


20 
20 


20 
20 


40 


VREF 
Range 


4.5to5.5V 
45to55V 


4.5to16V 
4.5to16V 


4.5to 16.5 V 
4.5to 16.5 V 


45to15V 
45to15V 


4.5to5.5V 


INL DNL 

(+ LSB) (+ LSB) Speed 
1/2 1/2 1.8% FSR 
1/4 1/4 0.9% FSR 
2 2 0.4% FSR 
1 1 0.4% FSR 
4 4 0.1% FSR 
2 2 0.1% FSR 
1 1 0.4% FSR 
1/2 1/2 0.4% FSR 
2 + 16 LSB 


Power (mW) 


250 
250 


500 Typ 
500 Typ 


2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 


1000 Typ 


TOM 


*Contact Factory for Non-Compliant Military Processing 


Bus Gain 


Res. #of lorV 2o0r4_ Double/ Interface Pkg Temp #of Operating INL DNL Error Gain Settling 

Part # New Bits DACS Out Quad Buffered Mult. Bits Grade Pkg Width Range Pins Voltage +/- LSB) (+/- LSB (+/—) T.C. Time (ns) 
MP1208 12 1 | 4Q DB Y 4/8, uP 3) D 0.600” IND 24 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1208 12 1 | 4Q DB ¥ 4/8, uP K N 0.600” IND 24 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1208 12 1 | 4Q DB Y 4/8, uP t D 0.600” MIL* 24 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1209 12 1 | 4Q DB ¥ 4/8, uP A D 0.600” IND 24 4.5to 16V 1 1 0.4% FSR 2 1000 Typ 
MP1209 12 1 | 4Q DB ¥ 4/8, uP J N 0.600” IND 24 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1209 12 1 | 4Q DB ¥ 4/8, uP Ss D 0.600” MIL* 24 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1210 12 1 | 4Q DB Y 4/8, uP H N 0.600” IND 24 4.5to16V 2 2 0.4% FSR 2 1000 Typ 
MP1210 12 1 | 4Q DB Y 4/8, uP R D 0.600” MIL* 24 4.5to16V 2 2 0.4% FSR 2 1000 Typ 
MP1230 12 1 | 4Q DB Y 8/4, uP B D 0.300” IND 20 4.5to16V 1/2 3/4 . 0.4% FSR 2 1000 Typ 
MP1230 12 1 | 4Q DB Y 8/4, uP K N 0.300” IND 20 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1230A iz 1 | 4Q DB ¥ 8/4, uP B N 0.300” IND 20 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1230A 12 1 | 4Q DB Y 8/4, uP B S 0.300” IND 20 4.5to16V 1/2 3/4 0.4% FSR 2 1000 Typ 
MP1231 12 1 | 4Q DB Y 8/4, uP A D 0.300” IND 20 4.5to16V 1 1 0.4% FSR z 1000 Typ 
MP1231 12 1 | 4Q DB Y 8/4, uP J N 0.300” IND 20 4.5to 16V 1 1 0.4% FSR 2 1000 Typ 
MP1231 12 1 | 4Q DB Y 8/4, uP J S 0.300” IND 20 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1231 12 1 | 4Q DB Y 8/4, uP S D 0.300” MIL* 20 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1231A 12 1 | 4Q DB Y 8/4, uP B N 0.300” IND 20 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1231A 12 1 | 4Q DB ¥ 8/4, uP B S) 0.300” IND 20 4.5to16V 1 1 0.4% FSR 2 1000 Typ 
MP1232 12 1 | 4Q DB Y 8/4, uP H N 0.300” IND 20 4.5to 16V 2 2 0.4% FSR 2 1000 Typ 
MP1232 12 1 | 4Q DB Y 8/4, uP Z D 0.300” IND 20 4.5to16V 2 2 0.4% FSR 2 1000 Typ 
MP1232A 12 1 | 4Q DB i 8/4, uP B N 0.300” IND 20 4.5to16V 2 2 0.4% FSR 2 1000 Typ 
MP1232A 12 1 | 4Q DB Y 8/4, uP B S 0.300” IND 20 4.5to 16V 2 2 0.4% FSR 2 1000 Typ 
MP7226 8 4 V 2Q DB 8, uP K N 0.300” IND 20 1i5V 1 1/2 11/2 LSB 20 5000 

MP7226 8 4 V 2Q DB 8, uP K P 0.350” IND 20 15V 1 1/2 1 1/2 LSB 20 5000 

MP7226 8 4 V 2Q DB 8, uP K S) 0.300” IND 20 15V 1 1/2 1 1/2 LSB 20 5000 

MP7226 8 4 V 2Q DB 8, uP L N 0.300” IND 20 15V 1/2 1/2 11/2 LSB 20 5000 

MP7226 8 4 V 2Q DB 8, uP a y 0.350” IND 20 15V 1/2 1/2 1 1/2 LSB 20 5000 

MP7226 8 4 V 2Q DB 8, uP L S 0.300” IND 20 15V 1/2 1/2 1 1/2 LSB 20 5000 

MP7228 8 8 V 2Q DB 8, uP K N 0.300” IND 24 —5/15 V 1 1/2 1 LSB 5 Typ 7000 

MP7228 8 8 V 2Q DB 8, uP P 0.450” IND 28 —5/15 V 1 1/2 1 LSB 5 Typ 7000 


All Ratings Max Unless Otherwise Noted 


fe 


PACKAGE CODES -— D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85°C, MIL = Military —55 to 725°C 


1-31 
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MP7228 
MP7228 


MP7523 
MP7523 
MP7523 
MP7523 


MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 
MP7524 


MP7524A 
MP7524A 
MP7524A 
MP7524A 
MP7524A 
MP7524A 


MP7528 
MP7528 
MP7528 
MP7528 
MP7528 
MP7528 
MP7528 
MP7528 


y 4 ff 4fsisyi*y*;,*;}*°" 


All Ratings Max Unless Otherwise Noted 
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Res. Interface Track/ 


Bits 


8 
8 


—_ — tt 


SN ee ee ee ee ee ee ee ee ee ee ee ee ee 


ee ee ee ee ee 


MNMNMNNNDND NY 


2Q 
2Q 


4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
40 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


Grade 
DB 
DB 

¥ 

¥ 

: 

Y 

B Y 
B ¥ 
B ¥ 
B Y 
B ¥ 
B Y¥ 
B Y 
B Y 
B ¥ 
B ¥ 
B ¥ 
B 7 
B ¥ 
B Y 
B ¥ 
B ¥ 
B sf 
B ¥ 
B Y 
B ¥ 
B ¥ 
B ¥ 
B ¥ 
B ¥ 
B Y 
B ¥ 
B ¥ 
B Y 
B Y 
B Y 
B Y 
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PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 


TEMP - IND = Industrial 40 to +85°C, MIL = Military —55 to +125°C 


Width 


AK Cc CG 


CAHAMNTFTrTTrTKAKAAAS COC OW > 


AACCCOWDWYF NDANAWAWAY YS 


Temp 
Range 


N 
Pp 


HBZ2aIZIdIZ OUVUVMNAVAVNADVGZ0O0RD VZ2000 NAZnN2Z 


D 
D 
D 
N 
P 
S) 
N 
P 


# of 
Pins 


0.300” 
0.450” 


0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.150” 
0.300” 
0.300” 
0.350” 
0.150” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.150” 
0.300” 
0.150” 
0.300” 
0.150” 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 


1-32 


Tested 
VREF 


IND 
IND 


IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 


IND 


24 
28 


16 
16 
16 
16 


16 
16 
16 
16 
20 
16 
16 
16 
20 
16 
16 
16 
20 
16 
16 
16 
16 


16 
16 
16 
16 
16 
16 


20 
20 
20 
20 
20 
20 
20 


20 


VREF 
Range 
-5/15 V 
—5/15 V 


5to 16 V 
5 to 16V 
5 to 16 V 
5 to 16 V 


15 ¥ 
15 V 
15 V 
15 V 
15 ¥ 
15 V 
15 V 
15 V 
SY 
15 V 
15 V 
15 V 
15 V 
15V 
15 V 
15V 
15V 


15V 
15 V 
15 V 
15V 
15 V 
15V 


4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 
4.5 to 15.75V 


INL DNL 

(+ LSB) (+ LSB) Speed 
1/2 1/2 1/2 LSB 
1/2 1/2 1/2 LSB 
1/2 1 1.8% FSR 
1/2 1 1.8% FSR 
1/4 1 1.8% FSR 
1/4 1 1.8% FSR 
1/2 1 0.6% FSR 
1/4 1 0.6% FSR 
1/8 1 0.6% FSR 
1/2 1 0.6% FSR 
1/2 1 0.6% FSR 
1/2 1 0.6% FSR 
1/2 1 0.6% FSR 
1/4 1 0.6% FSR 
1/4 1 0.6% FSR 
1/4 1 0.6% FSR 
1/4 1 0.6% FSR 
1/8 1 0.6% FSR 
1/8 1 0.6% FSR 
1/8 1 0.6% FSR 
1/2 1 0.6% FSR 
1/4 1 0.6% FSR 
1/8 1 0.6% FSR 
1/2 1 0.6% FSR 
1/2 7 0.6% FSR 
1/4 1 0.6% FSR 
1/4 1 0.6% FSR 
1/8 1 0.6% FSR 
1/8 1 0.6% FSR 
1 1 5 LSB 
1/2 1 3 LSB 
1/4 1 1 LSB 
11 1 5 LSB 

1 1 5 LSB 

1 1 5 LSB 
1/2 1 3 LSB 
1/2 1 


3 LSB 


Power (mW) 
5 Typ 7000 
5 Typ 7000 
5 9] 150 
35 150 
35 150 
35 150 
35 100 
35 100 
30 100 
35 100 
a5 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
Pate 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 100 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
35 200 
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Bus 


IND 


# Res. Interface Track/ Pkg Temp #of Tested VREF INL DNL 

Part # New MUXs Bits Bits Hold Grade Pkg Width Range Pins VREF Range (+ LSB) (+ LSB) Speed Power (mW) 
MP7528 8 2 | 4Q B ¥ 8 K S 0.300” IND 20 4.5 to 15.75V 1/2 1 3 LSB 35 200 
MP7528 8 4 | 4Q B Y 8 L N 0.300” IND 20 4.5 to 15.75V 1/4 1 1 LSB 35 200 
MP7528 8 2 | 4Q B bd 8 L P 0.350” IND 20 4.5 to 15.75V 1/4 1 1LS8 35 200 
MP7528 8 2 | 4Q B ¥ 8 L S 0.300” IND 20 4.5 to 15.75V 1/4 1 1 LSB 35 200 
MP7528 8 2 | 4Q B ¥ 8 Ss D 0.300” MIL* 20 4.5 to 15.75V 1 1 5 LSB 35 200 
MP7528 8 2 | 4Q B Y 8 T D 0.300” MIL* 20 4.5 to 15.75V 1/2 1 3 LSB 35 200 
MP7529A 8 e | 4Q B ¥ 8 J N 0.300” IND 20 10.8 to 15.75 V 1 1 5 LSB 35 200 Typ 
MP7529A 8 2 | 4Q B ¥ 8 J Y 0.350” IND 20 10.8 to 15.75 V 1 1 5 LSB 35 200 Typ 
MP7529A 8 2 | 4Q B * 8 J S 0.300” IND 20 16:8 fo 15.75 V 1 1 5 LSB 35 200 Typ 
MP7529A 8 2 | 4Q B Y 8 K N 0.300” IND 20 10.8 to:'15,75 V¥ 1/2 1 3 LSB 35 200 Typ 
MP7529A 8 2 | 4Q B ¥ 8 K P 0.350” IND 20 10.8 to 15.75 V 1/2 1 3 LSB 35 200 Typ 
MP7529A 8 2 | 4Q B Y 8 K Ss 0.300” IND 20 10.8 to 15.75 V 1/2 1 3 LSB 35 200 Typ 
MP7529B 8 2 | 4Q B Y 8 J N 0.300” IND 20 4.5to5.5V 1 1 5 LSB 15 200 Typ 
MP7529B 8 2 | 4Q B Y 8 J Pp 0.350” IND 20 45to55V 1 1 5 LSB 16 200 Typ 
MP7529B 8 2 | 4Q B Y 8 J S 0.300” IND 20 4.5to5.5V 1 1 5 LSB 15 200 Typ 
MP7529B 8 2 | 4Q B ¥ 8 K N 0.300” IND 20 4.5to5.5V 1/2 1 3 LSB 15 200 Typ 
MP7529B 8 2 | 4Q B Y 8 K P 0.350” IND 20 4.5to5.5V 1/2 1 3 LSB 15 200 Typ 
MP7529B 8 2 | 4Q B Y 8 K S) 0.300” IND 20 4.5to5.5V 1/2 1 3 LSB 15 200 Typ 
MP7533 10 1 | 4Q B Y 10 A D 0.300” IND 16 4.5to16V 2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B J 10 B D 0.300” IND 16 4.5to16V 1 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B Y 10 C D 0.300” IND 16 4.5to16V 1/2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B Y 10 J N 0.300” IND 16 45to16V 2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B Y 10 J S 0.300” IND 16 4.5to16V 2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B ¥ 10 K N 0.300” IND 16 4.5to16V 1 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B ¥ 10 K S 0.300” IND 16 4.5to16V 1 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B i 10 L N 0.300” IND 16 4.5to16V 1/2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B Y 10 L S 0.300” IND 16 4.5to16V 1/2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B ¥ 10 S D 0.300” MIL* 16 4.5to16V 2 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B ¥ 10 T D 0.300” MIL* 16 4.5to16V 1 1 1.5% FSR 2 500 
MP7533 10 1 | 4Q B Y 10 U D 0.300” MIL” 16 4.5to16V 1/2 1 1.5% FSR 2 500 
MP7541B 12 1 | 4Q Y 12 A D 0.300” IND 18 4.5to16V 1 1 8 LSB Ped 500 Typ 
MP7541B 12 1 | 4Q Y 12 B D 0.300” IND 18 4.5to16V 1/2 1/2 5 LSB 2 500 Typ 
MP7541B 12 1 | 4Q ¥ 12 J N 0.300” IND 18 45to16V 1 1 8 LSB 2 500 Typ 
MP7541B 12 1 | 4Q ¥ 12 J S 0.300” IND 18 45to16V 1 1 8 LSB 2 500 Typ 
MP7541B le 1 | 4Q Y 12 K N 0.300” IND 18 4.5to16V 1/2 1/2 5 LSB 2 500 Typ 
MP7541B 12 1 | 4Q Y 12 K S) 0.300” 18 4.5to16V 1/2 1/2 5 LSB 2 500 Typ 


SD LES: 


All Ratings Max Unless Otherwise Noted 


PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC. 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 
TEMP - IND = Industrial 40 to +85°C, MIL = Military -55 to +125°C 
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Bus 


# Res. Interface Track/ Pkg Temp #of Tested VREF INL DNL 

Part # New MUXs Bits Bits Hold Grade Pkg Width Range Pins VReF Range (+ LSB) (+ LSB) Speed Power (mW) 
MP7541B 12 1 | 4Q ¥ 12 Ss D 0.300” MIL* 18 4.5to 16V 1 1 8 LSB 2 500 Typ 
MP7541B 12 1 | 4Q » i 12 T D 0.300” MIL* 18 4.5to16V 1/2 1/2 5 LSB 2 500 Typ 
MP7542 12 1 | 4Q DB ¥ 4, uP A D 0.300” IND 16 4.5to5.5V 1 2 14.5LSB a 2000 Typ 
MP7542 12 1 | 4Q DB Y 4, uP B D 0.300” IND 16 45to5.5V 1/2 1 14.5LSB 2 2000 Typ 
MP7542 12 1 | 4Q DB ¥ 4, uP J N 0.300” IND 16 45to5.5V 1 2 14.5LSB 2 2000 Typ 
MP7542 12 1 | 4Q DB Y 4,uP J S 0.300” IND 16 4.5to5.5V 1 Z 14.5 LSB 2 2000 Typ 
MP7542 12 1 | 4Q DB Y 4,yuP K N 0.300” IND 16 4.5to55V 1/2 1 14.5 LSB 2 2000 Typ 
MP7542 12 1 | 4Q DB Y 4, uP K S 0.300” IND 16 45to5.5V 1/2 1 14.5 LSB 2 2000 Typ 
MP7542 tz 1 | 4Q DB ba 4, uP S D 0.300” MIL* 16 45to55V 1 2 14.5 LSB 2 2000 Typ 
MP7542 12 1 | 4Q DB ¥ 4,uP £ D 0.300” MIL* 16 4.5to55V 1/2 1 14.5 LSB 2 2000 Typ 
MP7543 12 1 | 4Q 4 Serial, uP A D 0.300” IND 16 4.75 to 5.25 V 1 2 14.5LSB 2 2000 Typ 
MP7543 12 1 | 4Q Y Serial, uP B D 0.300” IND 16 4.75 to 5.25 V 1/2 1 14.5LSB 2 2000 Typ 
MP7543 12 1 | 4Q Y Serial, uP J N 0.300” IND 16 4.75 to 5.25 V 1 2 14.5LSB 2 2000 Typ 
MP7543 12 1 | 4Q ¥ Serial, uP J Pr 0.350” IND 20 4.75 to 5.25 V 1 4 14.5LSB 2 2000 Typ 
MP7543 12 1 | 4Q ¥ Serial, uP J Ss 0.300” IND 16 4.75 to 5.25 V 1 2 14.5 LSB a 2000 Typ 
MP7543 12 1 | 4Q Y Serial, uP K N 0.300” IND 16 4.75 to 5.25 V 1/2 1 14.5 LSB 2 2000 Typ 
MP7543 t2 1 | 4Q y Serial, uP K P 0.350” IND 20 4.75 19 5.25 ¥ 1/2 1 14.5 LSB 2 2000 Typ 
MP7543 12 1 | 4Q Y Serial, uP K Ss 0.300” IND 16 4.75 to 5.25 V 1/2 1 14.5 LSB 2 2000 Typ 
MP7543 12 1 | 4Q Y Serial, uP Ss) D 0.300” MIL* 16 4.75 to 5.25 V 1 2 14.5LSB 2 2000 Typ 
MP7543 12 1 | 4Q sf Serial, uP tr D 0.300” MIL* 16 4.75 to 5.25 V 1/2 1 14.5 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, uP A D 0.300” IND 20 5to15V 2 4 25 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, uP B D 0.300” IND 20 5to15V 1 1 15 LSB 2 2000 Typ 
MP7545 2 1 | 4Q B Y 12, WP C D 0.300” IND 20 5to15V 1/2 1 10 LSB Fa 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, 1P J N 0.300” IND 20 5 io 15 ¥ 2 4 25 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, oP J P 0.350” IND 20 S10 15 ¥ 2 4 25 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, pP J S 0.300” IND 20 5to15V 4 4 25 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, LP K N 0.300” IND 20 516 15 ¥ 1 1 15 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, BP K Pr 0.350" IND 20 5to15V 1 1 15LSB 2 2000 Typ 
MP7545 12 1 | 4Q B x 12, pP K S 0.300” IND 20 5to15V 1 1 15LSB 2 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, uP L N 0.300” IND 20 5 to 165 ¥ 1/2 1 10 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, pF L Fr 0.350" IND 20 5to15V 1/2 1 10 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B ¥ 12, uP L S 0.300” IND 20 5to15V 1/2 1 10LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, uP S D 0.300” MIL* 20 Ste 15 ¥ 2 4 25 LSB 4 2000 Typ 
MP7545 lz 1 | 4Q B ¥ 12, uP T D 0.300” MIL* 20 5to15V 1 1 15 LSB 2 2000 Typ 
MP7545 12 1 | 4Q B Y 12, uP U D 0.300” MIL* 20 5to15V 1/2 1 10 LSB = 2000 Typ 
MP7545B 12 1 | 4Q B Y 12, uP K N 0.300” IND 20 510 15 V 1 1 3 LSB 7s 2000 Typ 
MP7545B 12 12, uP K Fr 0.350” IND 20 5to15V 1 1 3 LSB 2 2000 Typ 


 : 
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All Ratings Max Unless Otherwise Noted 
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PACKAGE CODES - D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial 40 to +85° C, MIL = Military -55 to +125°C 


1-34 


TOM 
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Part # 


MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 
MP7545B 


MP7610 
MP7610 
MP7610 
MP7610 


MP7611 
MP7611 
MP7611 
MP7611 
MP7611 
MP7611 
MP7611 


MP7612 
MP7612 
MP7612 
MP7612 
MP7612 


MP7613 
MP7613 
MP7613 
MP7613 
MP7613 
MP7613 


MP7614 
MP7614 
MP7614 
MP7614 
MP7614 


MP7616 
MP7616 


Bus 


# Res. Interface Track/ 

MUXs Bits Bits Hold Grade 
12 1 | 4Q B Y 
Tz 1 | 4Q B Y 
2 1 | 4Q B Y 
12 1 | 4Q B ¥ 
12 1 | 4Q B ¥ 
12 1 | 4Q B Y 
14 8 V  2Q DB 
14 8 VV 2Q DB 
14 8 VV 2Q DB 
14 8 VV 2Q DB 
14 8 V 2Q DB 
14 8 V 2Q DB 
14 8 V 2Q DB 
14 8 VV 2Q DB 
14 8 VV 2Q DB 
14 8 VV  2Q DB 
14 8 Vv  2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
12 8 V 2Q DB 
14 1 | 4Q Y 
14 1 | 4Q ¥ 
14 1 | 4Q ig 
14 1 | 4Q Y 
14 1 | 4Q és 
16 1 | 4Q 
16 Q 


, fff 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES -— D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP, R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85°C, MIL = Military —55 to 45°C 
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Pkg 
Width 


Pkg 
12, uP 
t2, UP 
12, uP 
12, uP 
12, uP 
12, uP 


Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 


Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 


Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 
Serial, uP 


Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 
Parallel, uP 


14 
14 
14 
14 
14 


16 
16 


DUWUWrYrpYp YOwWwW YY OwWWUDYrYY Dwr > ECarrr x 


ARXARAACS 


= Cc. Cc 


Temp 
Range 


VQmuvqgm 0MOZAZ Qovrg9gamMvqmM NAZNnN2Z 0DUUNnNV2AZAN 


OUO2Z02Z 


= iO 


# of 

Pins 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 


0.400” 
0.300” 
0.400” 
0.300” 


0.550” 
0.600” 
0.550” 
0.550” 
0.600” 
0.550” 
0.600” 


0.400” 
0.300” 
0.400” 
0.300” 
0.300” 


0.550” 
0.600” 
0.550” 
0.550” 
0.600” 
0.550” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.400” 
0.400” 
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Tested 
VReF 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
MIL* 


IND 
IND 


20 
20 
20 
20 
20 
20 


28 
28 
28 
28 


44 
44 
44 
44 
44 
44 
44 


28 
28 
28 
28 
28 


44 
44 
44 
44 
44 
44 


20 
20 
20 
20 
20 
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VREF 
Range 
5to15V 
5 to 15 V 
5to15V 
5to15V 
5to15V 
5to15V 


+12/-12V 
+12/-12V 
+12/-12V 
+12/-12 V 


+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 


+12/-12V 
+12/-12 V 
+12/-12V 
+12/-12 V 
+12/-12 V 


+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 
+12/-12 V 


45to16V 
4.5to16V 
4.5to 16V 
4.5to16V 
4.5to 16V 


4.5to 16V 
4.5to16V 


INL 


(+ LSB) (+ LSB) 


{ 


— 


—_a -—- =—- MO NM MY —_~ -—- — WM MY ofr fH OO © 


MONMNN F 


DNL 


{ 
{ 
{ 
1 
1 
1 


Speed 
3LSB 
1LSB 
1LSB 
1 LSB 

15 LSB 
10 LSB 


32 LSB 
32 LSB 
24LSB 
24 LSB 


32 LSB 
32 LSB 
32 LSB 
24 LSB 
24 LSB 
24 LSB 
32 LSB 


8 LSB 
8 LSB 
6 LSB 
6 LSB 
6 LSB 


8 LSB 
8 LSB 
8 LSB 
6 LSB 
6 LSB 
6 LSB 


0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 
0.8% FSR 


0.8% FSR 
0.8% FSR 


Power (mW) 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


mM MN NM DN P 


50000 
50000 
50000 
50000 


50000 
50000 
50000 
50000 
50000 
50000 
50000 


50000 
50000 
50000 
50000 
50000 


50000 
50000 
50000 
50000 
50000 
50000 


ze 2000 Typ 
2 2000 Typ 
2 2000 Typ 
2 2000 Typ 
= 2000 Typ 


2 2000 Typ 
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Part # 


MP7616 
MP7616 
MP7616 
MP7616 
MP7616 


MP7626 
MP7626 
MP7626 
MP7626 
MP7626 
MP7626 
MP7626 


MP7628 
MP7628 
MP7628 
MP7628 
MP7628 
MP7628 
MP7628 
MP7628 
MP7628 
MP7628 


MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 
MP7633 


MP7636A 
MP7636A 


eT 


New 


MUXs 
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it 


WD 
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Bus 
s. Interface Track/ 


Bits 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES - D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP — IND = Industrial -40 to +85°C, MIL = Military -55 to +125°C 


4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 
4Q 


4Q 


, fff 


OU 


DBWOWOWDWOWWWWWWOWWAWD DBWOWWWWWWW DW 


Grade 
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Pkg 
16 
16 
16 
16 
16 


16 
16 
16 
16 
16 
16 
16 


et Se ee ee ee 
UVTU0U0 000 U0NUD UU 


we ey eek ee ee ee, ek 
Oooo ooo Qqaoddn0ao dao cod © 


Pkg 
Width 


P-C ANT TT KR AACCC OOP ANDAAACCCOWOP FT KAARKROCCC ARKXRARXCS 


Temp 
Range 


MOO VOVvaowvZaov]aMDUAZAVSe VU VOUVeOVUsZ MO V]SA0C0CVU VUZE VUZ2ZUD VB@OZzu® 


# of 

Pins 
0.300” 
0.400” 
0.400” 
0.300” 
0.400” 


0.600” 
0.600” 
0.450” 
0.600” 
0.600” 
0.450” 
0.600” 


0.600” 
0.600” 
0.600” 
0.450” 
0.300” 
0.600” 
0.450” 
0.300” 
0.600” 
0.600” 


0.300” 
0.300” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.350” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
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Tested 
Veer 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL” 


IND 
IND 


24 
22 
22 
24 
22 


24 
24 
28 
24 
24 
28 
24 


28 
28 
28 
28 
28 
28 
28 
28 
28 
28 


16 
16 
16 
16 
20 
16 
16 
20 
16 
16 
20 
16 
16 
16 


20 
20 


VREF 
Range 
4.5to16V 
4.5to16V 
4.5to 16 V 
4.5to16V 
4.5 to 16V 


4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 
4.5to 16.5 V 


45to5.5V 
45to5.5V 
4.5to5.5V 
45to5.5V 
45to5.5V 
45to5.5V 
45to5.5V 
45to5.5V 
45to5.5V 
45to55V 


4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to16V 
4.5to 16 V 
4.5to16V 


4.5to 16.5 V 
4.5 to 16.5 V 


INL DNL 
(+ LSB) (+ LSB) Speed 
14 16 0.8% FSR 
7 8 0.8% FSR 
7 8 0.8% FSR 
7 8 0.8% FSR 
Z 8 0.8% FSR 
4 4 0.1% FSR 
4 4 0.1% FSR 
4 4 0.1% FSR 
2 2 0.1% FSR 
2 2 0.1% FSR 
2 2 0.1% FSR 
2 1 0.1% FSR 
1/2 1/2 1.8% FSR 
1/4 1/4 0.9% FSR 
1/2 1/2 1.8% FSR 
1/2 1/2 1.8% FSR 
1/2 1/2 1.8% FSR 
1/4 1/4 0.9% FSR 
1/4 1/4 0.9% FSR 
1/4 1/4 0.9% FSR 
1/2 1/2 1.8% FSR 
1/4 1/4 0.9% FSR 
2 vs 0.4% FSR 
1 1 0.4% FSR 
1/2 1/2 0.4% FSR 
2 2 0.4% FSR 
z 2 0.4% FSR 
2 2 0.4% FSR 
1 1 0.4% FSR 
1 1 0.4% FSR 
1 1 0.4% FSR 
1/2 1/2 0.4% FSR 
1/2 1/2 0.4% FSR 
1/2 1/2 0.4% FSR 
2 2 0.4% FSR 
1 1 0.4% FSR 
“ 4 0.1% FSR 
4 4 0.1% FSR 


Mm P PMONNMNNNNNNNNN ND LD PP MONMNNNNNNNM DPD PY mM MmMNMNN NM P MO Mw M KNM P 


Power (mW) 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


250 
250 
250 
250 
250 
250 
250 
250 
250 
250 


500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 
500 Typ 


2000 Typ 
2000 Typ 


TOM 


*Contact Factory for Non-Compliant Military Processing 


Part # 


MP7636A 
MP7636A 
MP7636A 
MP7636A 
MP7636A 


MP7641 
MP7641 


MP7643 
MP7643 


MP7645 
MP7645 
MP7645 
MP7645 
MP7645 
MP7645 
MP7645 
MP7645 


MP7645B 
MP7645B 
MP7645B 
MP7645B 
MP7645B 
MP7645B 


MP7651 
MP7651 


MP7652 
MP7652 


MP7670 
MP7670 


MP7680 
MP7680 
MP7680 
MP7680 


yl ff ff FF; 


New 
New 


New 
New 


New 
New 


12 
12 
12 
12 


Bus 


Pkg 
Width 


Res. Interface Track/ 
Bits Bits Hold Grade Pkg 
| | 4Q DB Y 8, UP 
1 | 4Q DB ¥ 8, uP 
1 | 4Q DB Y 8, uP 
1 | 4Q DB ¥ 8, uP 
| | 4Q DB Y 8, uP 
8 V 2Q DB Y Serial uP 
8 V 2Q DB Y Serial uP 
4 V 2Q DB ¥ 8, uP 
4 V 2Q DB Y 8, uP 
1 | 4Q B ¥ 12, uP 
| | 4Q B Y 12, uP 
1 | 4Q B Y 12, uP 
1 | 4Q B y 12, uP 
1 | 4Q B Y 12, uP 
1 | 4Q B Y 12, uP 
| | 4Q B ¥ 12, uP 
1 | 4Q B Y 12, uP 
1 | 4Q B Y 12, uP 
1 | 4Q B Y 12, uP 
| | 4Q B 6d 12, uP 
1 | 4Q B ¥ 12, uP 
| | 4Q B Y 12, uP 
1 | 4Q B Y 12, uP 
V 2Q b i Serial uP 
8 V 2Q ¥ Serial uP 
4 V 2Q DB ¥ Serial 
4 V 2Q DB ¥ Serial 
8 V 4Q DB ¥ Serial 
8 V 4Q DB Y Serial 
4 | 4Q DB ¥ 4/8, uP 
4 | 4Q DB Y 4/8, uP 
4 | 4Q DB ¥ 4/8, uP 
4 | ¥ 


All Ratings Max Unless Otherwise Noted 
PACKAGE CODES — D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plastic Flat Pack, G = PGA, 0 = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial -40 to +85° C, MIL = Military —55 to £P5 °C 


4/8, uP 
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Temp 
Range 


ONZ nz CO Om Oo 


QOUZZ2OUUG 


OOUZ2Z200 


nz 


O2ZzmMm 


# of 

Pins 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.335” 


0.335” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.300” 
0.300” 
0.300” 
0.300” 
0.300” 


0.300” 
0.335” 


0.300” 
0.300” 


0.300” 
0.300” 


0.600” 
0.550” 
0.600” 
0.600” 
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Tested 
VReEF 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 
IND 
IND 
MIL* 
MIL* 


IND 
IND 


IND 
IND 


IND 
IND 


IND 
IND 
IND 
IND 


20 
20 
20 
20 
20 


28 
28 


28 
28 


20 
20 
20 
20 
20 
20 
20 
20 


20 
20 
20 
20 
20 
20 


28 
28 


24 
24 


24 
24 


40 
44 
40 
40 


VREF 
Range 
4.5 to 16.5 V 
4.5 to 16.5 V 
4.510 16.5 V 
4.5to 16.5 V 
4.510 16.5 V 


—5,+5,4+10V 
—5,+5,+10V 


—5,+5,+10V 
—5,+5,+10V 


45to15V 
4.5to15V 
4.5to15V 
4.5to15V 
4.5to15V 
45to15V 
45to15V 
45to15V 


45to15V 
45to15V 
4.5to15V 
4.5to15V 
4.5to15V 
4.5to15V 


—5,4+5V 
—-5,+5V 


—5,+5,+10V 
—5,+5,+10V 


—5,+5V 
—5,+5V 


4.5to5.5V 
4.5to5.5V 
4.5to5.5V 
4.5to5.5V 


( 


moO hMNMDYD I/+ 


—_— 


INL DNL 
LSB) (+ LSB) Speed 
2 0.1% FSR 
2 0.1% FSR 
1 0.1% FSR 
4 0.1% FSR 
2 0.1% FSR 
0.8 1.5% FSR 
0.8 1.5% FSR 
1/2 1.5% FSR 
1/2 1.5% FSR 
2 0.4% FSR 
1 0.4% FSR 
1/2 0.4% FSR 
2 0.4% FSR 
1 0.4% FSR 
1/2 0.4% FSR 
2 0.4% FSR 
1 0.4% FSR 
| 0.4% FSR 
1/2 0.4% FSR 
1 0.4% FSR 
1/2 0.4% FSR 
1 0.4% FSR 
1/2 0.4% FSR 
0.8 1.5% FSR 
0.8 1.5% FSR 
1/2 1.5% FSR 
1/2 1.5% FSR 
1 1/2 LSB 
1 1/2 LSB 
4 16 LSB 
4 16 LSB 
4 16LSB 
2 16 LSB 


MO MM DN PY 


PMONNMNNNN DN WY 


mM MONMN DN PY 


Power (mW) 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


500 
500 


150 
150 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 
2000 Typ 


500 
500 


150 
150 


5 us 
5 us 


1000 Typ 
1000 Typ 
1000 Typ 


*Contact Factory for Non-Compliant Military Processing 


Part # 


MP7680 
MP7680 
MP7680 
MP7680 
MP7680 


MP8840 
MP8840 


es. Interface Track/ 


4Q 
4Q 
4Q 
4Q 
4Q 


4Q 
4Q 


Grade 
DB Y 
DB Y 
DB Y 
DB Y 
DB Y 
DB Y 
DB Y 


All Ratings Max Unless Otherwise Noted 


Pkg 


Pkg Width 


4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 
4/8, uP 


Serial 
Serial 


PACKAGE CODES -— D = Cerdip, N = PDIP. P = PLCC, S = SOIC, L= LCC, 
E = Plastic Flat Pack, G = PGA, Q = SSOP. R = SOIC, W = PDIP 
TEMP - IND = Industrial 40 to +85° C, MIL = Military -55 to +125°C 


Orr vAA 


> > 


Temp 
Range 


0O2Zzmam 


Oz 


# of 

Pins 
0.550" 
0.600” 
0.550” 
0.600” 
0.600” 


0.300” 
0.300” 
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Tested 
VReF 
IND 
IND 
IND 
IND 
MIL* 


IND 
IND 


a4 
40 
44 
40 
40 


24 
24 


VREF 
Range 
4.5to55V 
4.5to5.5V 
45 105.5 V 
45to5.5V 
4.5to55V 


—5,+5V 
—-5,+5V 


INL 
(+ LSB) (+ LSB) 


2 


ik & PS 


Speed 


16 LSB 
16 LSB 
16 LSB 
16 LSB 
16 LSB 


mM mM NM NM PP 


Power (mW) 


1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 
1000 Typ 


6 us 
6 us 
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*Contact Factory for Non-Compliant Military Processing 


Part # 
MP75L24 
MP75L24 


MP75L43 
MP75L43 


MP75L45 
MP75L45 


MD 2 


All Ratings Max Unless Otherwise Noted 


12 
12 


# of 
DACS 


12 
iz 


Out 


lorV 2or4 Double/ 
Quad Buffered Mult. 


4Q 
4Q 


4Q 
4Q 


4Q 
4Q 


B 
B 


B 
B 


| 
¥ 


<< 


<< 


Bus 
Interface 
Bits 

8 

8 


Serial, uP 
Serial, uP 


12, UP 
ee 


PACKAGE CODES -— D = Cerdip, N = PDIP, P = PLCC, S = SOIC, L = LCC, 
E = Plasti¢ Flat Pack, G= PGA, Q = SSOF, KR = SOIG, W = PDIP 
TEMP — IND = Industrial -40 to +85° C, MIL = Military —55 to +125°C 


Grade Pkg 
A 
A 
J N 
J S 
K N 
K S 


Pkg 
Width 

0.300” 

0.150” 


0.300” 
0.300” 


0.300” 
0.300” 


Temp 

Range 
IND 
IND 


IND 
IND 


IND 
IND 


# of 
Pins 


20 
20 


Operating 
Voltage 
3.0 to 3.6 V 
3.0 to 3.6 V 


3.0 to 3.6 V 
3.0 to 3.6 V 


3.0 to 3.6 V 
3.0 to 3.6 V 


INL 


1 
1 


DNL 
(+/- LSB) (+/— LSB) 


1 
1 


Gain 
Error 
(+/-) 
3 LSB 
3 LSB 


10 LSB 
10 LSB 


TOM 


Settling 


Time (ns) 


100 
100 


™ 


Commercial Products Flow 


Assembly 


Final Electrical Test 
100% Go-No-Go 


QC Electrical (25°C) 
Sample Inspection 


Visual Inspection 


Outgoing Inspection 


Ship 


TOM 
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"Non Commer ies roe 


Assembly per Mil-Std-883 
Class B 
100% Internal Visual 
(M2010) 


100% Screening 
A. Temp Cycle (M1010) 
B. Centrifuge (M2001) 
C. Fine & Gross Leak (M1014) 


100% Burn-in 
48 hrs at 125°C 


100% Electrical Test 
—55, 25, 125°C 
5% PDA 


QC Sample Elect. Test 
3 Temperatures 
SS = 116,A=0 

Group A 
2% LTPD 


QC Sample Visual Insp. 
SS = 116, A=0 
2% LTPD 


Group B 
1. Resistance to Solvents 
2. Solderability 
3. Bond Strength 


TOM 
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EXAR CORPORATION TERMS AND CONDITIONS OF SALE 


iy DEFINITIONS — As used herein, the following terms shall have the meanings set forth below: 
(a) “Seller” and “Buyer” shall mean, respectively, Exar Corporation and the individual or entity for whose account a Purchase Order 
has been placed with Seller. 
(b) “Purchase Order’ shall mean an oral or written offer to purchase product sold by Seller submitted to Seller by or on behalf or Buyer. 
(c) “Product” shall mean the product (in die, packaged or wafer form) and service described on the face side hereof. 
(d) “Standard Product” shall mean Product which are regularly inventoried by Seller and are not Custom Product or Special Order 
Product. 
(e) “Special Order Product” shall mean Product which are not regularly inventoried by Seller and are not Custom Product. 
(f) “Custom Product” shall mean Product which are customized to the specifications of Buyer, to the extent that they have little or no 
economic value to another customer of Seller and cannot be economically re-worked for sale to another customer. 


2. PURCHASE ORDER ACCEPTANCE - These Terms and Conditions of Sale and those noted on the fronthereof shall apply toall bids, 
quotations and orders for the sale of Product by Seller. Except as specifically set forth in a document signed by the authorized 
representatives of both parties, these Terms and Conditions of Sale and those noted on the front hereof shall represent the sole 
understanding between the Seller and Buyer with respect to the purchase and sale of Seller's Product. Any provision of Buyer’s 
purchase order or other written communication which is in any way inconsistent with or in addition to these Terms and Conditions of 
Sale shall not be binding on Seller. This Order Acknowledgment constitutes a counter offer to Buyer and retention by Buyer of the 
Product delivered hereunder beyond the inspection period described below shall constitute acceptance of these Terms and 
Conditions of Sale. Seller’s failure to object to provisions contained in any communication from Buyer shall not be a waiver of these 
Terms and Conditions of Sale nor those noted on the front of Seller’s Order Acknowledgment. 


3. PRICE AND PAYMENT . 
(a) All prices published or quoted by Seller may be changed atany time without notice. Unless otherwise specified, written quotations 
expire thirty (30) calendar days from the date issued. 
(b) Seller will invoice Buyer on the date the Product is tendered to the carrier at Seller’s shipping point (hereinafter referred to as the 
“delivery date”). Suchinvoices willbe due and payable net thirty (30) days from date of invoice, subjectto priorcreditapproval, without 
deduction or set off of any kind. 
(c) Seller, at its option, may require that sales be entered into on the express condition that Buyer establish in favor of Seller an 
irrevocable letter of credit in a form acceptable to Seller confirmed by a United States bank acceptable to Seller payable to Seller in 
United States dollars on presentation of a sight draft, a copy of a commercial invoice, a packing list and a bill of lading indicating 
delivery to a carrier of a Product for delivery to Buyer or to Buyer’s order. All associated costs shall be Buyer’s responsibility. 
(d) For sales to a Buyer having a principal place of business outside the United States of America, Seller reserves the right to bill in 
United States dollars or the currency of the country in which the Product is shipped. In such event the rate of exchange will be thatin 
effect on the date the Product is tendered to the carrier at Seller’s shipping point. 
(e) Atany time priorto the date of delivery Seller reserves the right to change any terms of credit extended to Buyer in the event Seller 
believes, in good faith, that there has been an adverse change incredit worthiness of Buyer or Buyer fails to comply with agreed credit 
terms and to require partial or full paymentin advance. In such event, if Buyer refuses to accept such change in credit terms, Buyer’s 
Purchase Order can be canceled without any liability to Seller. In the event of bankruptcy or insolvency of Buyer or in the event any 
proceeding is brought by or against Buyer under any bankruptcy or insolvency laws or their equivalent, Seller may cancel any 
purchase order then outstanding without liability to Seller and Seller shall receive reimbursement from Buyer for costs incurred and 
lost profit for Product so canceled. 
(f) Itis expressly understood by Buyer that with respect to any Product set forth on the face side hereof the purchase price(s) per unit 
set forth reflect volume discounts determined by reference to the total number of units of the respective Product which Buyer has 
agreed to purchase from Seller. Accordingly, itis expressly agreed by Buyer thatifthe total number of units of any Product purchased 
and paid for by Buyer is less than the number of units of such Product which Buyer has agreed to purchase, then Seller may 
immediately issue to Buyer a supplemental invoice for an amount equal, on a per unit basis, to the difference between (i) Seller’s list 
price for such Product then in effect and (ii) the purchase price for such Product set forth on the face side hereof. Any such 
supplemental invoice shall be payable no later than thirty (30) days after the date thereof. 
(g) Without limiting any other remedies available to Seller at law or in equity or otherwise, there shall be charged to Buyer a 
delinquency and service fee of one and one-half percent (1.5%) permonth or the highest rate permitted by law, ifless, on amounts due 
Seller for any period during which payment remains in arrears, and such discounts as may from time to time be offered by Seller with 
respect to its Product shall not be made available to Buyer while any payment owed by Buyer to Seller remain in arrears. 


4. RESERVATION OF SECURITY INTEREST — Seller reserves and retains a security interestin the Product and the proceeds thereof 
until paymenttherefor in full has been made by Buyer. This Order Acknowledgmentconstitutes a security agreement between Buyer, 
as debtor, and Seller, as secured party, under the Uniform Commercial Code, and Seller shall have the rights and remedies of a 
secured party thereunder. Buyer authorizes eee to file sipped. statements and to do any other act or thing necessary or useful in 


CRY” UREN tt ™ 
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10. 


perfecting Seller’s security interestin the Product, and agrees to execute any and all documents required to be executed on its part to 
perfect said security interest. 


TAXES-— Unless otherwise stated on the face hereof orin the quote, the prices donotinclude customs duties or any sales, use, excise, 
or other similar taxes. Buyer shall pay, in addition to the prices indicated, the amount of any present or future customs duties or any 
sales, use, excise or other similar tax applicable to the sale of Product, or in lieu thereof Buyer shall supply Seller with an appropriate 
tax exemption certificate. 


F.0.B. POINT —All sales are made F.O.B. point of shipment, Seller’s facility. Title and risk of loss or damage shall pass to Buyer upon 
tender of the Product to the carrier at the shipping point. Unless written instructions from Buyer specifying the method of shipment to 
be used have been received and accepted by Seller, Seller will exercise its own discretion with respect to manner of shipment, 
insurance, and carrier to be used. Buyer shall be solely responsible for filing any claims for damage during shipment with the carrier. 
After the passage to Buyer of such risk of loss, the Product held by Seller, for whatever reason, shall be held for Buyer’s account at 
Buyer’s expense, irrespective of whether the Product are within the coverage of any insurance policy maintained by Seller. 


DELIVERY 

(a) Seller will manufacture in accordance with the shipment date as indicated in Seller’s Order Acknowledgment. However, the 
shipment date is an estimate only, and Seller will be subjected to no liability for failure to perform on or by such date. 

(b) Seller reserves the right to make partial shipments by line item with the consent of the Buyer, which consent shall not be 
unreasonably withheld, and invoices will be issued accordingly by purchase orderline item. Inthe eventof any breach as specified in 
Section 18, Seller may refuse to make further shipments. 

(c) All Product orders hereunder must be delivered by Seller within fifteen (12) months of the date indicated on the Order 
Acknowledgment. 


PRODUCT ACCEPTANCE 

(a) Buyer shall have no right to reject Custom and Special Order Product on the basis of variation from the quantity ordered where 
such variation is within 10% of the quantity ordered. Buyer shall pay for such Product actually received at the price indicated in 
Seller’s Order Acknowledgment. 

(b) Exceptas set forth in Section 8(a) above, Buyer shall give notice to Seller (and the carrier where appropriate) of discrepancies 
between type and quantity of Product ordered and Product delivered, or damage to the Product, within five (5)days of delivery of the 
Product to acommon carrier or to the Buyer, whichever is earlier. Lacking such notice, Buyer shall be deemed to have accepted the 
Product as invoiced. 

(c) Product may be returned to Seller only after prior notification and receipt of a Return Material Authorization number (hereinafter 
referred to as “RMA Number’). Product returned without a valid RMA number will be sent back to the Buyer at Buyer’s expense and 
risk. 

(d) No credit allowances for defective Product will be made or replacements therefore shipped until it is established to Seller’s 
satisfaction after suitable test and inspection that the Product was in fact defective. Seller reserves the right to impose a reasonable 
rescreening charge if Seller determines that Product returned is found to be functional. 


SPECIFICATIONS — All Product is subject to Seller’s standard specifications. Seller reserves the right to make substitutions and 
modifications in the specifications of any Product without notification to or approval from Buyer, provided that such substitutions or 
modifications do not materially affect Product performance or purpose. 


LIMITED WARRANTY - Seller warrants all Productagainst defects in materials and workmanship fora period of ninety (90) days from 
the date of delivery to Buyer. Seller’s sole liability shall be limited to either replacing, repairing or issuing credit, at its option, for the 
Product if it has been paid for. Seller will not be liable under the warranty unless: 

(a) Seller is promptly notified in writing upon discovery of defects by Buyer; 

(b) The claimed defective Product is returned to Seller, insurance and transportation charges prepaid by Buyer; 

(c) The claimed defective Product is received within ninety (90) days from the date of delivery; and 

(d) Seller’s examination of the Product discloses to its satisfaction that the alleged defect was not caused by misuse, neglect, 
improper installation, repair, alteration, accident or other hazard. 

THIS WARRANTY DOES NOT COVER PRODUCT DAMAGE WHICH RESULTS FROM ACCIDENT, MISUSE, ABUSE, 
IMPROPER LINE VOLTAGE, FIRE, FLOOD, LIGHTNING OR OTHER ACTS OF GOD OR DAMAGE RESULTING FROM ANY 
MODIFICATIONS, REPAIRS OR ALTERATIONS PERFORMED OTHER THAN BY SELLER OR SELLER’S AUTHORIZED 
AGENT OR RESULTING FROM FAILURE TO STRICTLY COMPLY WITH SELLER’S WRITTEN OPERATING AND 
MAINTENANCE INSTRUCTIONS. BUYER ACKNOWLEDGES THAT THE PRODUCT ARE HIGHLY SENSITIVE ELECTRONIC 
PRODUCT REQUIRING SPECIAL HANDLING AND THAT THIS WARRANTY DOES NOT APPLY TO IMPROPERLY HANDLED 
PRODUCT. PRODUCT MANUFACTURED TO MEET BUYER'S SPECIFIC PERFORMANCE SPECIFICATIONS ACCEPTED BY 
E WARRANTED 
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ONLY AGAINST DEFECTS NOT RELATED TO SUCH SPECIFICATIONS IN ACCORDANCE WITH THE TERMS AND 
CONDITIONS SET FORTH HEREIN ABOVE. 


Seller’s warranties will not be affected by rendering of technical advice in connection with the Purchase Order or Product furnished 
hereunder. EXCEPT AS EXPRESSLY PROVIDED ABOVE, SELLER MAKES NO WARRANTIES, EXPRESS ORIMPLIED, INCLUDING 
WITHOUT LIMITATION ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT 
SHALL SELLER BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES WITH RESPECT TO THE PRODUCT 
PURCHASED HEREUNDER. THIS WARRANTY EXTENDS ONLY TO BUYER AND NOT TO BUYER’S CUSTOMERS. 


11. LIMITS OF LIABILITY AND INDEMNIFICATION 

(a) THE WARRANTIES OF SELLER SET FORTH ABOVE ARE IN LIEU OF, AND BUYER HEREBY WAIVES, ALL OTHER 
WARRANTIES OF SELLER, EXPRESS OR IMPLIED, ARISING OUT OF ORIN CONNECTION WITH, THE SALE OF PRODUCT, 
OR THE USE, INSTALLATION OR PERFORMANCE THEREOF, IN THE COURSE OF DEALING OR PERFORMANCE UNDER 
THIS AGREEMENT, INCLUDING, BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. 

(b) SELLER SHALL NOT BE LIABLE TO BUYER, TO BUYER’S CUSTOMERS OR TO ANY OTHER PERSON, AND BUYER 
AGREES TO INDEMNIFY SELLER, WITH RESPECT TO ANY CLAIMS FOR INCIDENTAL, SPECIAL, INDIRECT OR 
CONSEQUENTIAL DAMAGES, INCLUDING LOSS OF PROFIT, AND LOSS OF PLANT EQUIPMENT OR PRODUCTION 
ARISING FROM THE SALE OR SUBSEQUENT USE OF PRODUCT. 


12. PATENT INFRINGEMENT — INDEMNIFICATION 
(a) Selleragrees, atits own expense, to defend Buyer thereof from and against any claim, suit or proceeding, and to pay all judgments 
and costs finally awarded against Buyer by reason of claim, suitor proceeding insofar asitis based upon an allegation thatthe Product 
furnished by Seller infringes any United States letter patent, provided that Seller is notified promptly of such claim in writing and is 
given authority and full and proper information and assistance (at Seller’s expense) for defense of same. In case such Product are 
held in such suit to constitute an infringement and the use of Product is enjoined, Seller shall at its sole discretion and at its own 
expense: (1) procure for Buyer the right to continue using the Product; (2) replace or modify the same so that it becomes 
noninfringing; or (3) remove such Product and grant Buyer a credit for the depreciated value of the same. 
(b) Buyer shall have the rightto employ separate counsel in any claim, suit or proceeding set forth in Section 12(a) and to participate in 
the defense thereof, but the fees and expenses of Buyer’s counsel shall not be borne by Seller unless: (1) Seller specifically so 
agrees; or (2) Seller, after written request and without cause, does not assume such defense. Seller shall not be liable to indemnify 
Buyer for any settlement effected without Seller’s consent, unless Seller failed, after notice and without cause, to defend such claim, 
suit or proceeding. 
(c) Theindemnification set forthin Section 12(a) shall notapply and Buyer shallindemnify Sellerandholditharmless from all liability or 
expense (including costs of suit and attorney’s fees) if the infringement arises from, or is based upon Seller’s compliance with 
particular requirements of Buyer or Buyer’s customer that differ from Seller's standard specifications forthe Product, or modifications 
or alterations of the Product, or a combination of the Product with other items not furnished or manufactured by Seller. 
(d) Buyer agrees that Seller shall not be liable for any collateral, incidental or consequential damages arising out of patent 
infringement. 
(e) The foregoing states the entire liability of Seller for patent infringement. 


13. LIFESUPPORT POLICY -Seller’s Product are not authorized for use as critical components in life support devices or systems. Life 
support devices or systems are devices or systems which, (a) are intended for surgical implantinto the body, or (b) support or sustain 
life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be 
reasonably expected to result in a significant injury or death to human life. 


A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to 
cause the failure of the life support device or system, orto affect its safety or effectiveness. Buyer agrees to indemnify and hold Seller 
harmless for any cost, loss, liability, or expense (including without limitation attorneys’ fees and other costs of litigation or threatened 
litigation) arising out of violation of the above prohibition by Buyer or any person or entity receiving Seller's Product through Buyer. 


14. CANCELLATION — Buyer’s rights and obligations with respect to cancellation of orders shall be governed by this Section 14. 
(a) In the case of Standard Product, Seller must receive Buyer’s written cancellation notice no less than thirty (30) days prior to 
Seller’s scheduled ship date indicated in the Order Acknowledgment. 

(b) Inthe case of Special Order Product, Seller must receive Buyer’s written cancellation notice no less than ninety (90) days prior to 
Seller's scheduled ship date indicated in the Order Acknowledgment. 

(c) Inthe case of Custom Product, Seller must receive Buyer’s written cancellation notice no later than one hundred and twenty (120) 
days or the quoted lead for that specific device, which ever is longer, prior to Seller’s scheduled ship date indicated in the Order 


Acknowledgment. 


(d) Notwithstanding the provisions of Sections 14(a) through 14(c), ifthe Buyer cancels, at any time, Seller may, at its election, be 
entitled to receive from Buyer reimbursement for the costs, direct and indirect, of all work in process at the time of cancellation, NRE 
cancellation expenses as specified in the quote plus reasonable profit and any extra shipping or customized charges. 

(e) If Buyer cancels any portion of the Product indicated on the face hereof, Buyer shall be liable for the adjustments to the purchase 
price on the Product actually purchased as specified in Section 3 and Seller shall be entitled to coliect such adjustmentin the manner 
specified therein. 


15. RESCHEDULING OF DELIVERY — Buyer’s right to reschedule deliveries shall be governed by this Section 15. 


16. 


17. 


12. 
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(a) In the case of Standard Product, Seller must receive Buyer’s written reschedule request no less than thirty (30) days prior to 
Seller's scheduled ship date indicated by Seller. 

(b) In the case of Special Order Product, Seller must receive Buyer’s written reschedule request noless than ninety (90) days prior to 
Seller’s scheduled ship date indicated in the Order Acknowledgment. 

(c) Inthe case of Custom Product, Seller must receive Buyer’s written reschedule request no less than one hundred twenty (120) 
days or the quoted lead for that specific device, which ever is longer, prior to Seller’s scheduled ship date indicated in the Order 
Acknowledgment. 

(d) With request to reschedule orders pursuantto Section 15(b) and 15(c) above, such rescheduled orders must be delivered within 
ninety (90) days of Seller’s scheduled ship date. 


ASSIGNMENT — Neither Buyer nor Seller may assign this Order Acknowledgment, or any interest or right herein without the prior 
written consent of the other. Any assignment without such consent shall be void. 


U.S. EXPORT LAWS 
Seller’s obligations are subject to the export administration and control laws and regulations of the U.S. Government. Buyer shall 
comply fully with such laws and regulations in the export, resale or other disposition of Product. 


BREACH -— Any one of the following acts by Buyer shall constitute a breach of Buyer’s obligations under the contract formed by 
acceptance of the quotation: 

(a) Failure to make payment for any Product from Seller when due; 

(b) Failure to accept conforming Product supplied hereunder; 

(c) The filing of a voluntary or involuntary petition in bankruptcy against Buyer, the institution of any proceeding in insolvency or 
bankruptcy (including reorganization) against Buyer, the appointmentofatrustee orreceiver of Buyer, oranassignmentforthe benefit 
of creditors of Buyer; or 

(d) Any other act by Buyerin violation of any of the provisions as stated herein. In the event that Buyer breaches any provision herein 
in any manner set forth above, Seller may (in addition to any other right or remedies provided herein or at law or in equity), by written 
notice to Buyer, terminate the contractor any part thereof, without any liability to Sellerwhatsoever. Buyer shall pay allcosts, including 
reasonable attorneys’ fees, incurred by Sellerin any action brought by Sellerto collect payments owing or otherwise enforce its rights. 


PROPERTY RIGHTS AND TOOLING — Buyer shall retain sole title to circuit and logic diagrams, schematics, test patterns, and other 
relevant information provided to Seller as part of this Purchase Order. Seller shall not be obligated to return any such information to 
Buyer unless specifically requested to do so by Buyer in writing, detailing each item. Unless otherwise expressly agreed, circuit 
schematics, mask sets, design tapes, processing information, testsoftware and hardware and any other proprietary information shall 
remain the sole property of Seller. 


GENERAL 

(a) This Purchase Orderand the Exhibits attached, if any, hereto constitutes the entire agreement between the parties with respect to 
the subject matter hereof and there are no representations, warranties orcommitments exceptas set forth herein, and supersedes all 
priorand contemporaneous agreements, understandings, negotiations and discussions, written or oral, of the parties, relating to the 
subject matter hereof. 

Allrights and obligations of the parties to this Purchase Order shall be governed by and construed in accordance with the laws 
of the State of California. The parties hereto subject themselves to the jurisdiction of and agree that venue shall be of the State courts 
of California in Santa Clara County with respect to any dispute, disagreement or claim arising hereunder. 

(c) Failure of any party hereto to enforce any of the provisions of this Purchase Order, or any rights with respect thereto, or failure to 
exercise any election provided for herein, shall in no way be considered a waiver of such provisions, rights or elections, orin any way 
effect the validity of this Purchase Order. The failure by any party hereto to enforce any of said provisions, rights, or election shall not 
prejudice such party from later enforcing or exercising same or any other provisions, rights, or elections which it may have under this 
Purchase Order. 

(d) Anynotice or other communication required or permitted hereunder shall be deemed sufficient only ifin writing and hand delivered 
or mailed, postpaid, by registered or certified mail, return receipt requested, to Seller at the following addresses: 

EXAR CORPORATION, P.O. Box 49007, San Jose, California, 95161-9007 


ponenenenennenon ° met ere e ™ 
“3 Se 
$ es rs ; 


ATTN: Senior Vice President, Chief Financial Officer 

or to such other address as it shall be designated by notice pursuant to this subsection. Such notice shall be deemed to have been 
given on the date actually received by the party to whom it is directed. 

(e) No modification, amendment, waiver, consent or discharge in connection with this Purchase Order shall be binding upon either 
party unless in writing and signed by the party sought to be charged with the same. 

(f) Allcovenants, stipulations and promises in this Purchase Order shall be binding upon and inure to the benefit of the parties hereto 
and their respective successors in interest, assignees, and legal representatives. Neither party shall have the right to assign or 
otherwise transfer its rights or obligations under this Purchase Order without the prior written consent of the other party; provided, 
however, thata successor in interest to a party by merger, by operation of law, or by assignment, purchase, or otherwise, of the entire 
business of either party shall acquire all the rights and be subjectto all the obligations of such party hereunder, withoutthe necessity of 
obtaining such prior written consent; provided, however, that nothing herein shall prevent either party from assigning all of its rights 
and obligations under this Purchase Order to a Subsidiary of that party upon written notice to the other party. 

(g) Ifthe performance of this Purchase Order or if any obligations hereunder, except the making of payments, is prevented, restricted, 
orinterfered with by reason of fire or other casualty or accident; strikes or labor disputes; inability to obtain raw materials, power, or 
supplies, war or other violence; any law, order, proclamation, regulation, ordinance, demand, or requirement of any government 
agency; orany otheractor condition whatsoever beyond the reasonable control ofthe parties hereto, the party so affected upon giving 
prompt written notice to the other party, will be excused from performance to the extent of the prevention, restriction, or interference, 
provided thatthe party so affected uses its best efforts to avoid or remove the causes of nonperformance and continues performance 
hereunder with the utmost dispatch as soon as those causes are removed. 

(h) The prevailing party in any legal or arbitration action brought by one party against the other shall be entitled, in addition to any other 
rights and remedies itmay have, to reimbursement for its expenses incurred thereby, including courtcosts and reasonable attorneys’ 
fees. 
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_ Other EXAR Products Available 
Listed by Product Group 


COMMUNICATIONS 


PCM Transmission 


XR-1T5794 Quad E1 Line Interface Unit 

XR-1T5791 Single Channel E1 Line Interface Unit 

XR-1T7288 E1 Line Interface with Clock Recovery 

XR-T5684 T1 Line Interface Unit with Clock Recovery 

XR-T5683 E1/E2 Line Interface Unit with Clock Recovery 

XR-T7295 DS3/Sonet STS1 Integrated Line Receiver 

XR-T7295E E3 Integrated Line Receiver 

XR-T7296 E3/DS3/Sonet STS-1 Integrated Line Transmitter 

XR-T6164 CCITT G.703 Co-directional Interface 

XT-T6165 Co-directional Digital Processor 

XR-T6166 Co-directional Digital Processor with Slip Buffer 

XR-T56L22 Low Power PCM Repeater/Receiver 

XR-T56L85 Low Power 2MBPS PCM Line Interface 

XR-T5675 PCM Line Driver 

XR-1T5676 Low Power PCM Line Receiver 

Telephony 

XR-T65118A Voice Switched Speakerphone 

XR-T65119 Low Power Audio Amplifier Circuit 

XR-T66100 Caller |.D. Receiver |.C. 

Datacommunications 

XR-1T3588/ 

XR-T3589 V.35/Bell 306 Driver/Receive 

XR-82C684 CMOS Quad Channel UART (QUART) 

XR-68C681/ 

XR-88C681 CMOS Dual Channel UART (DUART) 
y|€6Es¢6ls§ nfl Gl fityf,; 
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XR-16C550A CMOS UART with FIFO 


XR-16C450 CMOS UART 


XR-16C452 DUART with Parallel Printer Port 


XR-16C552 Duart with FIFO and Parallel Printer Port 


CONSUMER 
Audio 


XR-1071 BBE’ II High Definition Audio Processor 


XR-1090A Graphic Equalizer Display Filter Detector 


XR-1010 Second Order Switched Capacitor Filters 

XR-1091 7-Band Graphic Equalizer Display Filter 

XR-1092 12-Band Graphic Equalizer Display Filter/Multiplexer 
XR-1093 5-Band Graphic Equalizer Display Filter 

XR-1095 7-Band Graphic Equalizer Display Filter/Driver 
XR-1096 7-Band Graphic Equalizer Display Filter/Driver 
XR-1097 7-Band Graphic Equalizer Display Filter/Driver 
Video 


XR-10823 8mm VTR Automatic Tracking Filter 


MASS STORAGE 


Read/Write 
XR-9010 Low Power R/W Preamplifer for 3 Terminal Recording Heads, 2 or 4 channels 
XR-9030 Low Power R/W Preamplifier for 2 Terminal Recording Heads 


XR-9033A 5V R/W Preamplifier for 2 Terminal Recording Heads, 2 or 4 channels 


XR-9035 5V R/W Preamplifier for 2 Terminal Recording Heads, 2 or 4 channels 
XR-9037 5V R/W Preamplifier for 2 Terminal Recording Heads, 2 or 4 channels 
XR-542 Hard Disk Pulse Detector 


Other EXAR Products Available 


GENERAL PURPOSE STANDARD PRODUCTS 


XR-2211 FSK Tone Demodulator/Tone Decoder 
XR-2206 Monolithic Function Generator 
XR-215 Monolithic Phase-Lock Loop 

XR-2207 Voltage Controlled Oscillator 
XR-2209 Precision Oscillator 

XR-2212 Precision Phase-Lock Loop 

XR-8000 Microprocessor Support IC 


XR-8038A Precision Waveform Generator 


XR-8073 Micropower Step-Up Switching Regulator 


XR-34074 Quad High Performance Operational Amplifier 
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Achieving improvement in quality and reliability is a continuous, unending process. EXAR is dedicated to the long-term 
investment toward defect reduction, performance improvement, and customer satisfaction. 


We believe that understanding the requirements of the customer, and translating them into a process which can meet 
these requirements the first time - - every time - - is essential in enabling us to develop long-term customer partnerships. 


Key elements of the EXAR Continuous Improvement Process include: 


® 


Quality Improvement System. 


EXAR’s quality improvement system is built on a customer-supplier model wherein every employee is both a 
customer and a supplier to somebody, either internally or externally. Our company quality policy reinforces this 
customer/supplier relationship: 


In our relentless drive to zero defects EXAR employees, using a process of 
continuous improvement, will accept from suppliers and deliver to customers 
goods and services that meet or exceed agreed requirements. 


All employees have been trained in the tools and techniques of quality improvement, and meet regularly in quality 
improvement meetings (QIMs). A QIM is comprised of employees in the same functional group. Each QIM works 
on a cycle of quality which involves identifying defects (defined as any deviation from specified requirements), 
monitoring to determine the extent of the defects, analyzing the data, and implementation of corrective action. 


Leadership and direction for the quality improvement system is provided by the executive quality improvement 
team (QIT) comprised of EXAR’s president and CEO and his direct reports. This team meets weekly to review the 
status of the system, the results achieved, and to plan future direction. 


Corrective action teams (CATs) are cross-functional teams chartered by the QIT to address specific problems ofa 
cross-functional nature. 


Continuous improvement goals are set annually for key business and quality metrics such as on-time delivery, 
cycle time reduction and outgoing product quality. 


Supplier Management 


EXAR uses various subcontract foundry and packaging services. These key sources of supply are managed 
under EXAR’s Supplier Management System which encompasses the following elements: 


- EXAR’s requirements are defined in a Supplier Partnerships Manual supported by a set of procurement 
specifications. The manual defines all the requirements that are common to all suppliers, such as a quality 
system, statistical process control, and quality data reporting. Procurement specifications define the 
requirements unique to each supplier, manufacturing process, or packaging technology. 


- Suppliers’ quality systems are audited to verify that a documented system exists, that it is being followed, and 
to ensure that it is capable of providing reliable product. 


- Suppliers’ performance is routinely measured against a defined set of criteria. Feedback to suppliers consists 
of a score card and individual performance reviews between employees of both companies. 


- Suppliers are required to work towards meeting a set of continuous improvement goals. 


- The criteria for supplier certification includes consistently high performance as measured by the quarterly 


score card. 
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The EXAR Commitment to Continuous 
Quality & Reliability Improvement 


- Continuous improvement goals are set, consistent with EXAR’s goals and those of customers. 


The eventual objective of the supplier management activity is to bring all suppliers up to the supplier certification 
criteria. 


+ Reliability Assurance 


Reliability begins with good process controls on manufacturing operations and well-characterized processes. 
Also critical to reliability is the design environment. EXAR has invested in state-of-the-art design tools. 


New or changed manufacturing processes are required to successfully complete qualification. New processes or 
proposed changes are submitted to EXAR’s Qualification Review Board comprised of representatives from 
Design, Product, Packaging, Foundry, Reliability and Quality Engineering. The QRB determines the extent of 
qualification or requalification, and is also responsible for reviewing and approving qualification results. 


Ongoing process reliability monitors are conducted to continuously assess the reliability of our manufacturing 
processes, and to provide feedback to the manufacturing operations. 


The results of reliability qualifications and monitors are made available to customers through periodic reliability 
reports. 


EXAR Management is Accessible! 


R & QA, Marketing, Customer Service, Engineering and Design are available for consultation, and we pride ourselves 
on our prompt response time to queries! 


The quality philosophy at EXAR emphasizes each employee’s responsibility for building and delivering product that con- 
forms to customer requirements, and meets specific Quality and Reliability objectives. 


THE EXAR PRODUCT DEVELOPMENT 
ENVIRONMENT 


The demonstrated reliability of EXAR’s products is the 
result of organization goals focused on continuous qual- 
ity improvement, as well as EXAR proprietary semicon- 
ductor manufacturing processes. 


EXAR Mixead-Signal Technologies 


EXAR products and processes are designed to 
achieve specific reliability objectives: 


4 EXAR CMOS and BiCMOS processes are de- 
signed to meet the twin product objectives of low 
noise and low drift —-— both extremely critical char- 
acteristics in achieving high performance analog 
circuit functions. 


+ EXAR CMOS and BiCMOS processes utilize Epi 
in addition to various circuit design techniques to 
achieve latch-up free performance. 


& EXAR device structures do not require planariza- 
tion and reflow of intermediate dielectric layers. 
These unique device structures eliminate the 
need for reflow glasses which contain Phospho- 
rous. This significantly reduces the potential for in- 
ducing corrosion in association with moisture. 


+ EXAR processes employ silicon nitride final pas- 
sivation which provides excellent moisture resis- 
tance and long-term stability. 


4 EXAR uses a proprietary thin film technology 
based on SiCrcompounds. The thin film resistors, 
coupled with barrier metallurgy and nitride passiv- 
ation demonstrate excellent reliability in terms of 
maintaining long life and accuracy over time and 
temperature. 


Product Emulation: Electrical and Physical 


The EXAR design process is based on the premise 
that every characteristic of a circuit can be very nearly ap- 
proximated by a combination of well understood physics, 
and chemical/electrical laws which can be properly ap- 
plied through a computer based design procedure. 


This process requires that the electrical design and 
specifications be captured, and then maintained on an 
Electronic Design Automation data base. This includes 
parasitic structures management. This data base is then 
thoroughly checked for design versus specification and 
physical construction versus electrical circuit with the 
most advanced tools available in the industry. These 
tools allow full mixed mode simulations, and full mixed 
element verification of all circuit and parasitic structures 
versus design rules/process specifications. This ap- 
proach reduces the chance of hidden failure mecha- 
nisms. 


New Design Construction 


All input/output circuit and device structures are in- 
cluded in the design through a hierarchical approach that 
ensures consistent performance from one section of a 
circuit to another. This includes 4000 volt rated digital I/O 
and 2000 volt rated analog I/O pads. This process is 
done across product lines. The learning curve improve- 
ments applied to a specific function also are applied 
across the product line and are inco;porated in future de- 
signs through this computer-captured know-how. 


New Design Qualification 


In addition to this simulated proof of design, EXAR also 
requires that all new products pass anLTPD of 2 for 1000 
hours burn-in at 125°C, in addition to other thermal, envi- 
ronmental, and electrical stresses before the product is 
released to production. The results of this initial testing 
(as well as ongoing process reliability monitors) are used 
as feedback to the design process, and to fine tune the 
product emulation tools. 


EXAR INNOVATIVE APPROACH TO 
MINIMIZE TESTER VARIABILITY 


Correlation of test results between supplier and cus- 
tomer historically has been a significant source of frustra- 
tion in the semiconductor industry. Irrespective of IC 
technology, brand or price of the ATE being used, test 
correlation remains an industry issue. 


The typical industry attempt to minimize correlation 
problems is to use “gold standard” control devices. Used 
as “go-no-go samples”, this approach at least tells Test 
Engineering that the unit tested was good before —-— and 
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is good now. But this is only marginally better than not 
using “gold” devices atall. The reasonis simple. A “gold” 
part (or any other part) that passed a tester previously 
could pass a bad or marginal tester later —— particularly if 
the typical values of the part are not near the “edge” or 
limit of any given test. And, if the tester were for any rea- 
son to show a part as being “better” in any way, that could 
translate into unknowingly shipping product which does 
not meet specification. This approach drives the need for 
quality assurance testing, with a potentially high percent- 
age of lots requiring re-test. 


EXAR has developed an innovative Statistical Proc- 
ess Control application to assure optimum parametric 
testing for its products. The first step is to determine the 
range of variability in test operations that takes into ac- 
count testers, hardware, and environment. A minimum 
of five “gold standard” devices are tested and datalogged 
using all combinations of testers, hardware fixtures, con- 
tactors, and test sockets. This is followed by a three-way 
ANOVA (ANalysis Of VAriance) to determine the repeat- 
ability of the control units, the testers, the hardware, and 
the time tested. “Repeatability” is defined as the range of 
each parameter when several devices are tested over 
and over again. Additionally, when gold devices are re- 
peatedly tested, they are removed from the socket or 
contactor assembly and reseated each time. This allows 
amore accurate representation of what actually happens 
during Production. 


The three-way ANOVA between testers, hardware 
and environment combines the “repeatability” in a 
mathematically correct way to determine the “reproduci- 
bility’. We can define “reproducibility” as the range that 
results from taking into account all of the different 
“repeatabilities”. 


Based on this statistical analysis of the test environ- 
ment, Test Engineering determines Process Capability 
(or Cpk) limits which are programmed into the memory of 
each Production test system. Menu-driven software re- 
quires that control units be tested before Production is al- 
lowed access to the test program. If the control unit test 


results do not fall within defined upper and lower control 
limits, the test system is automatically locked out and can 
only be released to Production with a password under the 
control of the Engineering Department. 


For the test environment, Cpk is determined by Root- 
Sum-Squaring the variabilities caused by different test- 
ers, different sets of hardware, different times of the day, 
and the interaction between these ... based on ANOVA. 
This is the sigma used in the Cp, Cpk calculations for the 
tester Cpk. This is different from a product Cpk, which is 
more generally understood. The tester Cpk uses the vari- 
ability of everything except product variation. The goal is 
to achieve a tester Cpk of five for each test parameter. 
Once a parameter achieves that for Test Cpk, the Test 
Engineer will work on the hardware and software to 
achieve the same on as many parameters as possible. 


WHAT DO CP AND CPK MEAN... 
REALLY? 


Cp and Cpk represent a statistical attempt to quantify 
the variability of a process to allow a supplier to see if the 
capability of a process or product line meets its intended 
objective. These two indices are meaningful only if the 
following conditions are met: 


4 The process must be under “statistical control” —— 
which means a condition where all special causes 
of variation have been eliminated and only com- 
mon causes remain. This can be evidenced ona 
control chart by the absence of points beyond the 
control limits and by the absence of non-random 
patterns or trends within the control limits. 


+ The people associated with the process have 
been statistically trained and are fully aware and 
capable of collecting data, constructing the control 
charts and interpreting the data. 


+ The process output is approximately normally dis- 
tributed. 
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Process Avg. and 


Midpoint of 


Midpoint of LSL and USL 
LSL and USL 
LSL USL 
— Se = 
X 3 Sigma X 3 Sigma 
USL = Upper Spec Limit 
LSL = Lower Spec Limit 
Sigma = Standard Deviation 
X = Process Average 
Figure 1. Figure 2. 


The case where the Process Average 
and the Midpoint between Spec Limits 
are the same (Cp = Cpk) 


Definition of Process Capability Indices 


Cp compares the range of a process parameter dis- 
tribution to the width of the specification limits. 


Mathematically, Cp is equal to: 


USL — LSL 
6 Sigma 


Cpk compares both the range and location of a pro- 
cess parameter distribution to the width of the specifica- 
tion limits. 


Mathematically, Cpk is equal to the smaller of: 


in statistical c 
SNS: Sas oe = : = si 


The case where the Process Average and 
the Midpoint between spec limits are not 
the same (Cp + Cpk) 


USL — Process Average 
ne OF 
3 Sigma 


Process Average — LSL 
3 Sigma 


Cpk = Cp from the above relationships when the distri- 
bution is centered at the midpoint between the spec limits 
(as in Figure 1.). 


A process is considered “barely capable” if the Cpk is 
at least equal to 1.33. However, Cpk goals of 2.0 are 
specified for critical parameters. 


Table 1. shows the relationship between Cp and proc- 
ess fallout in PPM (parts per million) assuming a process 
ontrol —-— and normally distributed. 
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SES NS 


aS SS 


Table 1. 
Process Fallout (PPM) versus Cpk 
Assuming a Normal Process in Statistical Control 


Any “capability analysis” technique, no matter how ex- 
act it appears, can give only approximate results. This is 
because there is always some sampling variation, no 
process is ever “fully” under statistical control, and no 
process output exactly follows the normal distribution. 
Final results should always be used with caution and in- 
terpreted conservatively. EXAR employs this statistical 
technique with the awareness that Cp and Cpk indices 


Failures 
Rate 


are only one of many tools on the journey of continuous 
quality improvement. 


RELIABILITY CALCULATIONS 


Integrated circuit reliability is defined in terms of a sta- 
tistical probability that the device, which initially met its 
specification, continues to perform to specifications fora 
given time under stated usage conditions. 


Early Failure Intrinsic 
Failure 


Rate ae 


Wearout 


Log Time 


Figure 3. Bathtub-Shaped Failure Rate Curve 
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Device Life Cycle 


The failure rate for a particular device is not uniform 
throughout its life of operation. Field failures occur in dis- 
tinct modes that are described by the well-known “bath- 
tub curve”. The life cycle of a device has three periods: 


4 Early Failure Rate 


Failures during this period can be attributed to la- 
tent defects from the manufacturing process. The 
performance level will vary depending on the com- 
plexity, the size and the technology, but a PPM 
better than 500 may be expected. As the latent 
failures occur, the failure rate decreases substan- 
tially. The early failure rate period is typically de- 
fined as the first six months of operation. 


4 Intrinsic failure rate period 


This period extends for at least the next 20-30 
years. The marginal units have failed during the 
early period and additional failures are likely to be 
due to extreme or unpredictable variations in oper- 
ating conditions. 


4 Wear-out period 


The onset of the wear-out period is characterized 
by the appearance of defects due to physical 
changes affecting the entire population such as 
wirebond thermal fatigue, irreversible chemical or 
metallurgical processes, and electromigration. 


The most common measure of reliability for semicon- 
ductors is the failure rate and is expressed in FITs. A FIT 
(Failure In Time) is one failure in one billion device-hours. 


Failure rate estimates are based on the relationship 
between the failure rate of the device under working con- 


ditions and its failure rate during high temperature life- 
test: 


— 42 
Al = 7, 
where: 
X41 = failure rate at working condition junction 
temperature 


\2 = failure rate at life test junction temperature 
A = acceleration factor. 


Acceleration Factor 


The acceleration factor is obtained from the Arrhenius 
equation: 


1 


_ —fa ~-1 _ 1: 


where: 


A = Acceleration factor 

Ea = Thermal activation energy (electron volts) 
k = Boltzmann’s constant (8.62 x 10-> eV/°K) 
Tj1 = in-use junction temperature (°K) 

Tj2 = in-stress junction temperature (°K) 


In order to compute the acceleration factor, the ther- 
mal activation energy of the failure mechanism and the 
junction temperatures must be determined. Also, an ad- 
justment for the appropriate confidence level must be 
made. 


Thermal Activation Energy 


Table 2. gives the activation energy of some common 
types of failure mechanisms. They are estimates taken 
from published literature. 
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Silicon Defects 
Diffusion Defects 
Oxide Defects 
Dielectric Breakdown 
Electromigration 

lonic Contamination 
Bond-Metallic Interface 
Metal Corrosion 


Typical Activation Energy 


Failure Mechanism V) 


(e 


Table 2. 


Junction Temperature 


A knowledge of junction temperature is required in or- 
der to compute the Acceleration factor. The relationship 
between junction temperature, ambient temperature, 
power dissipation and thermal resistance is given by the 
equation: 


Tj = Ta + (Pd * 6ja) 


where: 


Tj = junction temperature (°C) 
Ta = ambient temperature (°C) 


Pd = power dissipation (watts) 
Oja = thermal resistance (°C/watt) 


The power dissipation (Pd) is computed using the ac- 
tual supply currents and voltages used in the life test load 
conditions. 


The thermal resistance (8ja) is a function of the pack- 
aging of the device. It is also dependent on user con- 
trolled factors such as the method of mounting the pack- 
age in its application, the proximity to heat sources or 
sinks and the presence or absence of air flow. Table 3. 
gives some typical values for common types of pack- 
ages: 


THERMAL RESISTANCE 


Package Type 


16 pin DIP, epoxy 300 mil 
24 pin DIP, epoxy 300 mil 


28 pin DIP, epoxy 600 mil 
20 pin SO Jedec, epoxy 300 mil 


28 pin PLCC, epoxy 
16 pin CERDIP, 300 mil 
24 pin CERDIP, 600 mil 


The above values can vary by +20 percent. 
Table 3. 


Typical @ja 
(°C/watt) 
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Observation 
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— 
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UPPER BOUND OF OBSERVATION AT SPECIFIED CONFIDENCE LEVEL 


| 60 Percent 90 Percent 
(Number of Failures) Confidence Confidence 


Table 4. 


Confidence Level of Observed Failures 


When a sample is randomly selected from a popula- 
tion, there is always the possibility that the sample is not 
representative of the population at large. In particular, it 
is important to consider that the selected sample may 
have a lower failure rate than the remainder of the popu- 
lation. 


In order to account in the reliability computations for 
the error sampling, confidence intervals are applied to 
the observed failure rate. 


The confidence intervals are derived from Chi-square 
statistics. Only the upper bound of the intervals is of in- 
terestto us. Table 4. gives the upper bound of the obser- 
vations at the 60 and 90 percent confidence level. 


For example, if the observation is 3 failures, the upper 
bound for the reliability computation is 4.17 at the 60 per- 
cent confidence level. 


Computation Example 


A randomly selected sample of 1000 parts was sub- 


jected to a 1000-hour static life test at 125°C. The device 


A OT a 


power dissipation is 100 milliwatts and the package has a 
thermal resistance of 75°C/watt. The device is intended 
to operate in a 55°C environment. 


The life test results were: 
O failure out of 1000 at 168 hours 
1 failure out of 1000 at 500 hours 
1 failure out of 999 at 1000 hours 


The failure mode (determined by failure analysis) corre- 
sponds to an activation energy of 0.55 eV. 


Total number of failures = 2 
Assuming a 60 percent confidence level, the adjusted 
number of failures per Jable 4. = 3.11 


Total number of device-hours = 
0(168) + 1(500) + 999(1000) = 999,500 
Temperature rise due to power dissipation and thermal 
resistance: 
Trise = Pd x @ja = 0.1 watt x 75°C/watt = 7.5°C 


Junction temperature under life test conditions: 
Tj2 = 125°C + 7.5°C = 132.5°C = 405.5 °K 
(Note: degrees Kelvin = degrees Celsius + 273) 


fs — SER > . 


Ff | 


Failure rate under life test conditions: 
12 = 3.11 failures / 999,500 device-hours A = exp 
= 3,112 FITs at 132.5°C 


8.62x10~° ‘405.5 ke 


A=27 
Junction temperature under working conditions: Failure rate under working environment conditions: 
Th = 55°C + 7.5°C = 62.5°C = 335.5 °K 
a2 _ 3,112 _ 
Al = 7 = ae = 
Acceleration factor: aoe 
A = exp [-Ealk (1/Tj2 - 1/T)1)) 
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Figure 4. 
MP1230 PDIP 1000 Hour Operating Life @ 125°C 
(Reference Reliability Report R90-010/J1) 
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Figure 5. 
MP1230 PDIP 1000 Hour 85/85 
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AFTERWORD 


lf you have questions or feedback about our process 
or Q &R procedures, we want to hear from you. Please 
call or write directly to the office of the Director of Quality. 


RESOURCES AVAILABLE 


+ A comprehensive 25-page personnel ESD aware- 
ness and training manual has been developed by 
the EXAR Training Department, and is available 
upon request to EXAR customers (Part No. EX- 
ARAN23). 


+ A Quality Manual, quality data, test results, and 
data from reliability monitors are also available 
upon request. 
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Analog-to-Digital Converter Overview 


uP Bus 
Resolution Max # Track/ VREF P—Parallel 
Part No. (Bits) Speed Power Chan. Hold Range S—Serial 
1 Y 


MP8790 2 MSPS 12, P/S PQFP 
MP8791 2 MSPS 12,P PDIP, SOIC 
MP3274 15uS 8/12, uP, P/S PGA, PLCC 
MP3275 15uS S PQFP 
MP3276 15uS 8/12, uP, P/S PGA, PLCC 
MP87091 750 KSPS 12, P PDIP, SOIC 
MP87092 150 KSPS PDIP, SOIC 
MP8782 10 5 MSPS POFP 
MP8784 10 5 MSPS PDIP, SOIC 
**MP8784A 10 15 MSPS PDIP, SOIC 
MP7695 10 1 MSPS 60 PDIP, CDIP, SOIC 
MP8795 10 1 MSPS 50 PDIP, SOIC 
MP8796 10 1 MSPS 50 SOIC 
MP8798 10 1 MSPS 50 PDIP, SOIC, SSOP 
MP8799 10 1 MSPS 50 PQFP 
MP87198 10 1 MSPS 50 PDIP, SOIC, SSOP 
MP87095 10 750 KSPS 50 PDIP, SOIC 
MP87098 10 750 KSPS 50 PDIP, SOIC, SSOP 
MP87099 10 750 KSPS 50 POPP 
Tweens [9 [ames [0 [i [ ¥ [ iwsv [9h | _PORSOD 
MP8775 20 MSPS 125 16 5¥V 8,P PDIP, SOIC, SSOP 
MP8776 20 MSPS 150 1to5V S.P PDIP, SOIC, SSOP 
MP8785 20 MSPS 125 1to5V 3, P SOIC, PDIP 
MP8786 20 MSPS 150 1to5V SOIC, PDIP, SSOP 
MP8780 15 MSPS 425 1to5V PDIP, SOIC 
MP7684A 14 MSPS 425 1to5V PDIP, CDIP, SOIC 
MP7690A 14 MSPS 425 1to5V CDIP 
MP7684 10 MSPS 450 1to5V PDIP, CDIP, SOIC 
MP7690 10 MSPS 450 1to5V CDIP 
MP7683 3 MSPS 180 1to5V PDIP, CDIP, SOIC, SSOP 
MP7693 3 MSPS 180 1to5V PDIP, SOIC, PLCC 
MP7783 2.5 MSPS 180 1to5V PDIP, SOIC 
MP8820 1.6 MSPS 225 0.5 ta 1.5'V SOIC, SSOP 


MP7686 20 MSPS 200 Tto5V 6, P PDIP, CDIP, SOIC 
MP7682 15 MSPS 250 1to5V 6, P PDIP, CDIP, SOIC, LCC 
Analog-to-Digital Converters with Gain and Offset Control 


Gain Offset uP Bus 
Resolution Max # Track Control Control VREF P—Parallel 
Part No. (Bits) Speed Power | Chan. | /Hold (Bits) (Bits) Range S—Serial Pkg 
MP8830 10 1.25 MSPS 700 sl 7 1V POFP 
*“MP8831 10 1.25 MSPS 250 1 Y 1V SOIC 
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MP7686 


MP76L86 


MP7682 


MP76L90 
MP7683 
MP7693 
MP7783 
MP8820 


Analog-to-Digital Converters 


<20 MHz 


MP76L75 
MP87L85 
MP7684 
MP7690 
MP7684A 
MP7690A 
MP8780 
MP8785 
MP8775 
MP87L75 
MP87L85 
MP87L76 
MP76L90 


MP7696 


MP87L95 
MP87L98 
MP87L99 


<30 MHz 


MP8776 
MP8786 


MP8795 
MP8796 
MP7695 
MP8798 
MP8799 
MP87095 
MP87098 
MP87099 
MP87198 
MP87L82 
MP87L84 


MP8782 
MP8784 
MP8784A** 


<100 kHz 


MP3274 
MP3275 
MP3276 


MP87091 
MP87092 
MP87L92 


>1 MHz 


MP87L91 
MP8790 
MP8791 
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Bold: New Product 


MP3276 
Fault Protected 16 Channel, 12-Bit Data Acquisition Subsystem 


e Fault Protected 16-Channel 12-Bit A/D Converter with Sample & Hold, Reference, Clock and Tri-State Outputs 
e Fast Conversion, less than 15uS 

2’s Complement Data Output, Parallel or Serial Data Output Modes 

Remote Analog Ground Sensing 

Overvoltage Protected Input (£50 V over the Supply Voltages) 

Guaranteed Performance at +12/-5 V, +12 & +15 V 

Low Power: 110 mW typ. (7 mW per Channel typ.) 

32 Channel Version: MP3274 


MP8776 
30 MSPS, 8-Bit High Speed, Low Power Analog-to-Digital Converter with Power Down 


8-Bit Resolution, DNL = +1/4 LSB, INL = +1/2 LSB (typ) 
Sampling Rate to 30 MHz 

Low Power: 110 mW typ. (excluding reference) 

Power Down Mode: 100uA (typ) 

Internal S/H Function 

Rail-to-Rail Input Range 

Latch-Up Free 

ESD Protection: 2000 V Minimum 

3 State Digital Outputs 


MP8786 
30 MSPS, 8-Bit High Speed, Low Power Analog-to-Digital Converter with Power Down 


8-Bit Resolution, DNL = +1/4 LSB, INL = +1/2 LSB (typ) 
Sampling Rate to 30 MHz 

Low Power: 110 mW typ. (excluding reference) 

Power Down Mode: 100.A (typ) 

Internal S/H Function 

Rail-to-Rail Input Range 

Latch-Up Free 

ESD Protection: 2000 V Minimum 

3 State Digital Outputs 


MP87091 
750 KSPS, 12-Bit Analog-to-Digital Converter with Parallel Logic Interface Port 


12-Bit Monotonic ADC, DNL = +1 LSB, INL = +2 LSB 
SNR > 66 dB 

Sampling Frequency < 750 kHz 

Internal Track and Hold 

Vrer Range: 1.5 V to Vpp with Rail-to-Rail Input Range 
CMOS Low Power: 175 mW (typ) 

1/4, 1/2 and 3/4 Scale Reference Resistor Taps 
Three-State Outputs 

Binary and Two’s Complement Digital Output Mode 
Latch-Up Free 


*Preliminary 


MP87092 
750 KSPS, 12-Bit Analog-to-Digital Converter with Serial Logic Interface Port 


12-Bit Monotonic ADC with DNL = +1 LSB, INL =+2 LSB 
SNR > 66 dB 

Sampling Frequency < 750 kHz 

Internal Track and Hold 

Vrer Range: 1.5 V to Vpp with Rail-to-Rail Input Range 
CMOS Low Power: 175 mW (typ) 

Binary and Two’s Complement Digital Output Mode, Serial Port 
Underflow and Precision Aperture Outputs 

Latch-Up Free 


*MP8820 
7-Bit Plus Sign Analog-to-Digital Converter with an 8-Channel MUX 


Precision 7—Bit Plus Sign ADC with 8 Channel Analog Mux, DNL= +1/2 LSB, INL=+ 1 LSB 
Sampling Rate to 1.6 MHz 

Buffered Reference Input 

Unipolar to Bipolar Reference Translation 

Low Power: 75 mW (typ) 

ESD Protection: 2000 V (min) 


MP8830 
Triple 10-bit High Speed Analog-to-Digital Converter with Digitally Controlled References 


e 3 Independent 10-bit ADCs 

Simultaneous Sampling @ 1.25 MSPS 

Independent Digitally Controlled References with 9-bit Positive Reference and 6-bit Negative Reference Adjustment per Sample 
Internal Track and Hold 

Fast Mode for OCR 

Black Level Clamp 

Latch-Up Free 

Low Power: 500mW (typ) 

ESD Protection: 2000 V Minimum 


*MP8831 
10-Bit High Speed Analog-to-Digital Converter with Digitally Controlled References 


e 10-bit ADC with DNL < 0.75 LSB 

e 1.25 MHz Sampling Rate 

e Independent Digitally Controlled References with 9-bit Positive and Negative Reference Adjustment per Sample 
e Low Power CMOS: 180 mW (typical) with Power Down Mode (less than 100 LA) 

e Latch-up Free 

e ESD Protection: 2000V Minimum 
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FEATURES 


e Complete 32-Channel 12-Bit A/D Converter 
with Sample & Hold, Reference, Clock and 
3-State Outputs 

e Fast Conversion, less than 15uS 

e Microprocessor Bus Interface 

e Parallel or Serial Data Output Modes 

e 65 ns Bus Access Time 

e Remote Analog Ground Sensing 

e Overvoltage Protected Input (--50 V over the 
Supply Voltages) 


GENERAL DESCRIPTION 


The MP3274 is a complete 32-channel, 12-bit Data Acquisi- 
tion Subsystem with 3-state output buffers for direct interfacing 
to 16-bit microprocessor buses. Implemented using an ad- 
vanced BiCMOS process, the converter combines a 32-channel 
passive overvoltage protected multiplexer instrumentation amp, 
a sample & hold, a SAR, a 12-bit decoded D/A, a comparator, a 
precision reference and the control logic to achieve an accurate, 
repeated conversion in less than 15us, and a mux/instrumenta- 
tion amp settling period of less than 10s. 


A unique input design provides input overvoltage protection 
to +50 V over the supply voltages. Therefore, an overvoltage 


SIMPLIFIED BLOCK DIAGRAM 


GND REF. 


Vpp 
eo 


ABO-4 
(5 pins) 


AINO-31 
(32 pins) 
AGNDo» 


REF IN 


REF OUT 


AGND3 


Control 
Logic 
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MP3274 


Fault Protected 32 Channel, 12-Bit 
Data Acquisition Subsystem 


Precision Reference for Long Term Stability and 
Low Gain T.C. 

Guaranteed Linearity Over Temperature 
Guaranteed Performance at +12/-5 V, +12 &+15 V 
Low Power (3 mW per Channel Typical) 

16 Channel Version: MP3276 & MP3275 


condition can exist on unselected channels without disrupting 
the measured channel or operation of the MP3274! The internal 
4 V reference has sufficient output current to provide other sys- 
tem reference needs. Precision thin film scaling and offset resis- 
tors are laser trimmed to provide for less than 2 LSB INL for +10 
V inputs on all channels. 


In addition, the MP3274 will output either full scale (0111 ....) 
for overrange and — full scale (1000....) for underrange condi- 


tions. This greatly simplifies microprocessor software develop- 
ment. 


Vcc 
) 


nro 
Latch/ 
Shift Register 


: 3-State 
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DBO-DB11 
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ORDERING INFORMATION 


Psa __ -40t0+85°C | _MP32740G == 
PLCC -40to+85°C | MP3274AP = 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 


See the following See the following 
page for pin page for pin 
numbers and numbers and 
descriptions descriptions 


and page 11 for 
package dimensions 
and connection table 


68 Pin PGA 68 Pin PLCC 
G68 P68 
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PIN OUT DEFINITIONS 


PLCC PGA 
PIN NO.| PADS DESCRIPTION 


Negative Analog Supply 


VEE 
Ain24 


Analog Input 24 


A\n25 Analog Input 25 


Ain26 Analog Input 26 


Analog Input 27 


Ain27 


Ain28 Analog Input 28 


Ain29 Analog Input 29 


Analog Input 30 


An30 


Ain31 Analog Input 31 


GND Ref. 


Input Ground Reference 


AGND ADC Analog Ground 


Ref In Reference Input 


Ref Out 


Reference Output 


AGND3 Reference Analog Ground 


DGND Digital Ground 


DBO/SDC | Data Output Bit 0/Serial 


Data Clock 


No Connection 


N/C 


DB1 Data Output Bit 1 


DB2 Data Output Bit 2 


DB3 Data Output Bit 3 


DB4 


Data Output Bit 4 


DB5 Data Output Bit 5 


DB6 Data Output Bit 6 


DB7 Data Output Bit 7 


DB8 Data Output Bit 8 
Data Output Bit 9 
Data Output Bit 10 


Data Output Bit 11/Serial 
Data Out 


Conversion Status 
Mux Settling Status 
Parallel/XSerial 
Read Enable 
Chip Select 
Write Enable 


MP3274 


PLCC PGA 
PIN NO.| PADS DESCRIPTION 


Address Enable 


Channel Address 4 
Channel Address 3 
Channel Address 2 
Channel Address 1 
Channel Address 0 
Positive Digital Supply 
Positive Analog Supply 
Analog Input 0 
Analog Input 1 
Analog Input 2 
Analog Input 3 
Analog Input 4 
Analog Input 5 
Analog Input 6 
Analog Input 7 
No Connection 
Analog Input 8 
Analog Input 9 
Analog Input 10 
Analog Input 11 
Analog Input 12 
Analog Input 13 
Analog Input 14 
Analog Input 15 
Analog Ground Mux Return 
Analog Input 16 
Analog Input 17 
Analog Input 18 
Analog Input 19 
Analog Input 20 
Analog Input 21 
Analog Input 22 


Analog Input 23 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 5 V, Vcc = 15 V, Veg = -15 V, GNDRef = 0 V, Ty, = 25°C, 


VreriN = Ref Out 


Resolution (All Grades) 
KEY FEATURES 


Resolution 
Conversion Time, Per Channel 


ACCURACY (A, S Grade)! 


Differential Non-Linearity 
Integral Non-Linearity 


Zero Code Error 
Full Scale Error 


POWER SUPPLY REJECTION 


Veo = 15 V 41.5 V or 12 V 
+0.6 V 

Vop = 5 V 40.25 V 

Veg =—-15 V 41.5 V or 
—12 V +0.6 V or 
—5 V +0.25 V 


REFERENCE VOLTAGES 


Ref. Voltage Input 
Ref. Voltage Output 
Ref. Source Current 
Ref. Sink Current 


ANALOG INPUT2 


Input Voltage Range® 
Ground Reference 
CM Range 
CM RR 
Input Resistance 
Input Capacitance 
Aperture Delay 


Channel-to-Channel Isolation? 


DIGITAL INPUTS 
CS, WR, RD ABO-AB4, 
ADEN 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® 
Input Capacitance 


Best Fit Line 

(Max INL — Min INL)/2 
fff to 000 [hex] transition 
Vre_eriN = 4.000 V 


Max change in Full Scale 
Calibration 


Rin =5KQ; Vop =5 V 


From WR low to high after STL 
high to low 
DC 


Vin=GND to Vpp 
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ELECTRICAL CHARACTERISTICS TABLE (CONT 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max 


DIGITAL OUTPUTS 
(Data Format 2’s Complement) 
DBO/SDC-—DB11/SDO, STS, STL 


Logical “1” Voltage 
Logical “O” Voltage 
Tristate Leakage 


POWER SUPPLIES 


Operating Range 
Vpp 
Vcc 
VEE 
Operating Current 
IDp 
loc 
lEE 
Power Dissipation 


NOTES 


Cout=15 pF 


IsoURCE = 0.5 MA 
ISINK =1.6mA 


Vout=GND to Vpp 


Tested at —11.4 and —16.5 only 


Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 


ideal code width is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to any transition voltage 


= Guaranteed. Not tested. 


3 Specified values guarantee functionality. Refer to other parameters for accuracy. 
4 Input bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy 


within the specified bandwidth. 


5 All channel input pins and ground reference pin have protection which becomes active above +60 V. 
6 All digital inputs have diodes to Vpp and AGND. Input DC currents will not exceed specified limits for any input voltage between GND 


and Vpp. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


Von io DGND <v<cresduss seetneeeenusansen 0 to +16.5 V 
Verte VGN .s4ecsceseeduer eungexs eaves 0 to-16.5 V 
Vpp WDM 208s cb acckanageyeeureerecieawes O0to+7V 
AGND to DGND . nc. ccccscecceedeeecseicasewe oa0s = 
Digital Inputs/Outputs 

16 DGND sc ccvvasveevaneaseuues —0.5 V to ViLoaic +0.5 V 
Analog Inputs (AjjyO — Ajy31, GND REF) 

TO RING 26k 4 ee annneuben choos eneennenaneenens +60 V 
NOTES: 


BEF OUT xsssctnsdaseexeines Indefinite short to DGND, 
Momentary short to Vcc 
Maximum Junction Temperature ................. 150°C 
Package Power Dissipation Rating to 75°C 
PGA: PL danwes xneon debe eeyen es as basex 1800 mW 
Derates above 75°C ..............: begenen 25 mW/°C 
Lead Temperature, Soldering ............ 300°C, 10 Sec 
Storage Temperature (Ceramic) ........ —65°C to +150°C 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ logic inputs have protection diodes which will protect the device from 


short transients outside the supplies of less than 100mA for less than 100s. 
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PRODUCT INFORMATION 


Basic Description 


The MP3274 is a fault protected data acquisition subsystem 
available in monolithic form. This product contains all of the cir- 
cuitry necessary to acquire 32 channels of differential or single- 
ended analog signals at --10 V input range and 15kHz 
bandwidth. Connections to power, the analog input signals and 
the digital system are all that is required. The MP3274’s input 
circuitry is protected against active input signals present with the 
MP3274 power off. This is also the case for any channel exceed- 


TIMING 


ing the MP3274 analog input dynamic range without interfering 
with the channel being digitized. The channel address and 


channel conversion can be managed in two ways: random 
channel conversion or same channel conversion. Circuitry on 
the chip adds a MUX/instrumentation amp settling delay, whena 
new channel is selected (ADEN = 1). Conversion start is initi- 
ated without delay for the single-channel case (ADEN = 0). Data 
is available in either parallel or serial format. 


Control and Timing Considerations — Parallel Mode (PXS = 1) 


The MP3274 can be operated in the stand-alone mode, with 
one line for control and everything else hard-wired; or under mi- 
croprocessor control, where changes can be made dynamically. 
There are 4 control lines: ADEN, CS, WR, and RD with their 
functions described in Table 7. 


PXS is the control pin for formatting data for serial or parallel 
control. 


cs | we | RD |aven| pata |sri| sts] Comments 


ADC Channel Select and Start Convert (See Figure 1. and Table 2.) 


ADC 
Hi-Z 
Hi-Z 
Last ADC 
Hi-Z 


ADC 


No operation 

No operation if ADEN = 0 

Input MUX channel selected, STL set on WR falling edge 
MUX select disabled 

Start convert on WR rising edge 

Start convert on STL falling edge 

STS goes low at end of conversion 


Data outputs enabled 

Data from previous conversion on data bus 

Data outputs disabled 

Data/RD disabled while STS high 

Data from last conversion on data bus 

STL, MUX select disabled with ADEN = 0, 

data outputs disabled on STS rising edge 

New data appears on data bus on falling edge of STS 


Note 1: If RD = 1, data outputs remain high impedance. It is recommended that RD will not change during a conver- 
sion in order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise present on 


the data bus. 


Table 1. Logic Truth Table for PXS = 1 (Parallel Mode) 


Rev.4.00 
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The MP3274 is easily interfaced to a wide variety of micropro- 
cessors and other digital systems. Discussion of the timing re- 
quirements of the MP3274 control signals will provide the sys- 
tem designer with useful insight into the operation of the device. 


Figure 1. shows a complete timing diagram for the MP3274 
convert start operation. 


Either WR or CS may be used to initiate a conversion. We 
recommend using WR as used in Figure 1. Itis quieter and has 
less propagation delay than CS. If CS is used to trigger the con- 
version the specified set-up times will be longer. 


A conversion is started by taking WR low, then high again 
(conversion is enabled on the rising edge of WR). There are two 
possible conditions that will affect conversion timing. 


1. ADEN = 1. At the falling edge of WR, the input channel is 
determined by the data present on the address bits. The 
track and hold begins to settle after which STL returns low, 
indicating that the multiplexer and the buffer amp have set- 
tled to less than 1/2 LSB of final value. If the rising edge of 
WR returns high prior to STL going low, conversion will begin 
onthe falling edge of STL. Ifthe rising edge of WR is delayed 
until after STL returns low, the input signal is sampled and 
the conversion is started at the rising edge of WR giving the 
user better control of the sampling time. 


MP3274 


2. ADEN =O. Atthe falling edge of WR the data present at the 
address is ignored and the channel selected during the pre- 
vious conversion remains selected. In this case the track 
and hold settling time is omitted and STL never goes high. At 
the rising edge of WR the input signal is sampled, and con- 
version is started. 


There are two possible states that the data outputs could be in 
during a conversion. 


1. If RD is held high during a conversion the outputs would re- 
main high impedance throughout the conversion. This is the 
preferred method of operation as any noise present on the 
data bus is rejected. 


2. If RD andCS are held low during a conversion, the data pre- 
sent will be from the previous conversion until the present 
conversion is completed when STS returns low. The data 
from the new conversion will appear on the outputs. The 
state of RD or CS should not change during a conversion. 


Once a conversion is started and the STL or STS line goes 
high, convert start commands will be ignored until the conver- 
sion cycle is completed. The output data buffers cannot be en- 
abled during conversion. In addition, all inputs and outputs 
which change during conversion can introduce noise, and 
should be avoided when possible. 


Time Tmin to a - 
ADC Write Timing Interval | 25°C Tmax Limits Comments/Test Conditions 


ADC Control Timing 


CS to WR Set-Up Time 

CS to WR Hold Time 
Address to WR Set-Up Time 
Address to WR Hold Time 
WR Pulse Width 

ADEN to WR Set-Up Time 


ADC Conversion Timing 


WR to STL Delay 


STL High (mux/amp settle) 

STL to STS Low (Converting) 
WR to STS High (ADEN = 0) 
WR to STS Low (ADEN = 1) 

STS High to Bus Relinquish Time 
STS Low to Data Valid (RD = 0) 


Load ckt of Figure 5, C, = 20 pF, 
ADEN = 1 

Load ckt of Figure 5, C; = 20 pF 
Load ckt of Figure 5, C, = 20 pF 
STL = 0 when ADEN = 0 


Load ckt of Figure 4 
Load ckt of Figure 3, C, = 20 pF 


Table 2. ADC Write Timing 
(See Figure 1.) 
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ADDRESS 2 ee & 
ADEN aaa. 
tg 
STL 


STS 
bio 
DBO-DB11 Previous ADC Data & New ADC Data 
RD=0 LL 
tig 
DBO-DB11 HIGH Z 
RD = 1 


Figure 1. Timing for ADC Channel Select Start Conversion 


CS to RD Set-Up Time 
CS to RD Hold Time 


RD to Data Valid Delay Load ckt of Figure 3., C, = 20 pF 
Load ckt of Figure 3., Ci = 100 pF 

Bus Relinquish Time after RD Load ckt of Figure 4. 

High 

RD Pulse Width 


Table 3. ADC Read Timing 
(See Figure 2.) 
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a. High-Z to Von b. High-Z to VoL 


Figure 3. Load Circuit for Data 
Access Time Test 


DBy 


a. Von to High-Z b. VoL to High-Z 


Figure 4. Load Circuit for 
Bus Relinquish Time Test 


Figure 5. Load Circuit for WR to STS Delay 


Serial Data Output Mode (PXS = 0) 


The MP3274 output data is available in serial form when PXS 
= 0 prior to the RD high-to-low transition. When PXS = 0, the 
DB11/SDO pin functions as the serial data output. The 
DBO/SDC pin functions as the serial clock input and all other 
data outputs are 3-stated. 


The serial data output sequence is MSB (DB11) first to LSB 
(DBO) last. The MSB (DB11) data bit appears at DB11/SDO 
when STS goes low. The second most significant bit appears at 
DB11/SDO on the next DBO/SDC high-to-low transition. The 
LSB (DBO) is present atDB11/SDO on the 11th SDC high-to-low 
transition. 


STS -O 


DB11/SDO 


too 


DB11(MSB) | i} DB10 


The control pin functions (ADEN, CS, WR, and RD) are the 
same as the parallel mode of operation. Further information re- 
garding serial control and timing is shown in Figure 6., Table 4. 
and Table 5. 


For a minimum interconnect serial environment, the channel 
address state can be generated in at least two ways, using an 
address counter, or using an address serial to parallel converter. 
WR can then be used as the counter clock or shift register load 
signal as well as the A/D converter start convert signal on the ris- 
ing edge. (Note that the falling edge loads the address present at 
the address port.) 


See Table 4 


oe 
eo 


SDC should be in a high state during the STS high period. SDC can make the first high to low transition after to. In normal use it is 
assumed that PXS is hardwired low. However, if the mode of operation is changed, PXS must go low prior to RD going low. 


Figure 6. Serial Data Mode Timing 
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Time Tmin to 
Serial Data |_Serial Data Output Timing _| Timing | Interval) | 25"C |_ Tmax _ | Limits _| Comments/Test L ommentsTest Conditions _ 
50 


i 
STS low to SDO (DB11) Valid, Load Ckt 4 of Figure 3. 
RD =0 
Minimum clock high pulse width 
SDC low to data valid delay Load ckt of Figure 3., C, = 20pF 
Load ckt of Figure 3., C, = 100pF 


Table 4. Serial Data Output Mode Timing (See Figure 6.) 


_cs | exs | wr | RD | ADEN| pata _|sti| sts | ppospc 


ADC Channel Select and Start Convert 


No Operation 

Serial mode enabled (1) 

No operation if ADEN = 0 

Input MUX channel selected, STL 
set on falling edge of WR 

MUX select disabled 

Start convert on WR rising edge 
Start convert on STL falling edge 
STS goes low at end of conversion 


xX KK KKK XX 


Serial output (DB11/SDO) and 
serial clock input (DBO/SDC) 
enabled 
MSB (DB11) MSB data available at DB11/SDO 
DB10 Next significant bit shifted out to 
DB11/SDO 
DB10 No Operation 
DB10 No Operation 
DB9 Next significant bit shifted out to 
DB11/SDO 
Hi-Z 0 Data outputs/SDC input disabled 
Hi-Z Data outputs/RD disabled when 
STs=1 
Hi-Z STL, MUX select disabled when 
ADEN = 0 
MSB (DB11) New data appears at DB11/SDO 
on falling edge of STS 


Note 1: If RD = 1, data outputs remain high impedance. It is recommended that RD will not change during a conver- 
sion in order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise present on 


the data bus. 
Table 5. Logic Truth Table — Serial Data Output Mode 


2’s Complement Output Code (Hexidecimal Ideal Transition Voltage 


1110 (7fe) to 0111 1111 = 1111 (7ff) +FS —1 1/2 LSB 


0000 (000) to 0000 0000 0001 (001) OV +1/2 LSB 
1111 (fff) to 0000 0000 0000 (000) 0V—-1/2 LSB 
0000(800) to 1000 0001 (801) -FS +1/2 LSB 


Table 6. Key selena anal Codes vs. input nONeye (2’s COMpeMment SCE) 
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APPLICATION INFORMATION 


The MP3274 is a complete A/D converter system, with its 
own built-in reference andclock. It may be used by itself (“stand- 
alone” operation), or it may be interfaced with a microprocessor 
which can control both conversion and formatting of output. 


Successful application of the MP3274 requires careful atten- 
tion to four main areas: 


1) Physical layout. 

2) Connection/Trimming according to mode of operation. 
3) Conditioning of input signals. 

4) Control and Timing considerations. 


Physical Layout 


The 12-bit accuracy of the MP3274 represents a dynamic 
range of 72dB. In order that this be preserved, thorough precau- 
tions must be taken to avoid any interfering signals, whether 
conducted or radiated. 


e Avoid placing the chip and its analog signals near logic 
traces. In general, using a double sided printed circuit 
card with a good ground plane on the component side is 
recommended. Routing analog signals between ground 
traces will help isolate digital control logic. If these lines 
cross, do so at right angles. The GND Ref. is the positive 
terminal of the MUX/Instrumentation amplifier and will 
provide common mode noise rejection. It should be 
close to and shielded together with the channel inputs in 
order to take advantage of this feature. 


e Power supplies should be quiet and well regulated. 
Grounds should be tied together at the package and 
back to the system ground with a single path. Bypass the 
supplies at the device with a 0.01 to 0.1u.F ceramic cap 
and a 10-47 uF tantalum type, in parallel. 


“Stand-Alone” Operation 


The MP3274 can be used in “stand-alone” operation, whichis 
useful in systems not requiring full computer bus interface capa- 
bility. This operation is available for either parallel or serial mode. 


For this operation, CS = 0, ADEN = 1, andconversion is con- 
trolled by WR. The 3-state buffers are enabled when RD goes 
low. There are two possible conditions that the 3-state buffers 
could be in during aconversion. If RD goes low prior to WR, the 
output buffers are enabled and the data from the previous con- 
version is available at the outputs during STL= 1. At the end of 
the present conversion which is initiated at the rising edge of 
WR, STS returns low and the new conversion result is placed on 
the output data buffers. 


lf WR goes low prior to RD the data buffers remain in a high 
impedance state and conversion is initiated at the rising edge of 
WR. Upon the end of the conversion the STS returns low and 
the conversion result is placed on the output data buffers. 


Fy Rev400 ff ff ff ff f/f 
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Ground Reference 


The ground reference pin can be used for remote ground 
sensing of acommon mode input signal with a maximum 6 V p-p 
around AGND. 


This common input can also be used to dither each input’s 
“zero”. By averaging multiple conversions digitally, higher reso- 
lution for each input conversion can be obtained. Patterns for 
this dither can be a ramp, a stair step, or white noise. 


DPr>wn 


Figure 7. Equivalent Input Circuit 


Quasi Differential Sampling 


Method 1 


For remote ground sensing where the remote ground does 
not change more than +3 V from the A/D ground, connect GND 
Ref to the remote ground. 


Method 2 


Where Method 1 applies to each channel or group of chan- 
nels, add a mux to allow connecting the appropriate ground to 
GND Ref. 


Method 3 


Use two parts. Tie both GND Ref pins together and connect 
this node to the “common” remote GND. Control the sample 
point by connecting each STL through an “OR” gate whose out- 
put is “NAND” connect with WR (inverted WR). Use this output 
as WR to both WR inputs. By controlling the WR, sample delay 
differences between the two converters is minimized. Two parts 
from the same date code will further minimize this difference. 
Treat one A/D as the (+) terminal and the other as the (—) termi- 
nal of the differential signal. Now the difference can be taken 


digitally. 
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FEATURES 


e Fault Protected 16-Channel 12-Bit A/D 
Converter with Sample & Hold, Reference, 
Clock and 3-State Outputs 

e Fast Conversion, less than 15uS 

e 2’s Complement and Serial Data Output 

e Remote Analog Ground Sensing 

e Overvoltage Protected Input (--50 V over the 
Supply Voltages) 


MP3275 


Fault Protected 16 Channel, 12-Bit 
Data Acquisition Subsystem 


Precision Reference for Long Term Stability and 
Low Gain T.C. 

Guaranteed Linearity Over Temperature 
Guaranteed Performance at +12/—5 V, +12 &+15 V 
Low Power (7 mW per Channel Typical) 

Parallel Version: MP3276 

32 Channel Version: MP3274 


GENERAL DESCRIPTION 


The MP3275 is a complete 16-channel, 12-bit Data Acquisi- 
tion Subsystem with serial data port. Implemented using an ad- 
vanced BiCMOS process, the converter combines a 16-channel 
passive overvoltage-protected multiplexer instrumentation 
amp, a sample & hold, a SAR, a 12-bit decoded D/A, a compa- 
rator, a precision reference and the control logic to achieve an 
accurate conversion in less than 15us, and a mux/instrumenta- 
tion amp settling period of less than 10us. 


A unique input design provides input overvoltage protection 
to -+-50 V over the supply voltages. The circuit design can allow 


SIMPLIFIED BLOCK DIAGRAM 


GND REF. 


16 bP 


Aino-15 EFS Ch. 


(4 pins) 


(16 pins) MUX REF IN /2 
AGND»b G& 
4V 
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Control 
Logic 


|| 
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op) 


Vpop Vcc 
) ® 


for an overvoltage condition on unselected channels without dis- co 


rupting the measured channel or operation of the MP3275! The 
internal 4 V reference has sufficient output current to provide 
other system reference needs. Precision thin film scaling and 
offset resistors are laser trimmed to provide for less than 2 LSB 
INL for +10 V inputs on all channels. 


In addition, the MP3275 will output either full scale (0111 ....) 
for overrange and — full scale (1000....) for underrange condi- 
tions. This greatly simplifies microprocessor software develop- 
ment. 


AGND 


ipew 
Latch/ 


: Shift Register 
3-State 
Driver 


® SDC 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


pare | -40to+8s°C | pse7sae | 2 | 


PIN CONFIGURATIONS 


See the following 
page for pin 
numbers and 
descriptions 


44 Pin PQFP 
Q44 
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PIN OUT DEFINITIONS 


Ain12 
Ain13 
Ain14 
Ain15 
GNDREF 
AGND 
REF 
AGND3 
DGND 
SDC 
N/C 

N/C 

N/C 

N/C 
SDO 
STS 


y Rv.40 fF fF fF ff ff / 


— Analog Supply. —4.75 To — 16.5 
Channel 12 Analog Input, 1100 
Channel 13 Analog Input, 1101 
Channel 14 Analog Input, 1110 
Channel 15 Analog Input, 1111 
+ Input To Mux / Instrumentation Amp 
A/D Section Analog Ground 
Reference Output 

Reference Analog Ground 
Digital Logic And Output Ground 
Serial Data Clock 

No Connection 

No Connection 

No Connection 

No Connection 

Serial Data Out 

Conversion Status, Converting=1 
Input Settling Period State = 1 
Digital Gnd, Low Current 

Enable Serial Data Out 

Chip Select 


Input Address And Conversion Control 


| NAME DESCRIPTION 


Address Update Enable=1, Ignore=0 
Input Address Bit 3, (MSB) 

Input Address Bit 2 

Input Address Bit 1 

Input Address Bit 0, (LSB) 


Digital Logic & Output Supply, +4.75 to 
+ 5.25 Volts 


Analog + Supply, +11.4 to + 16.5 Volts 
Channel 0 Analog Input, O000 
Channel 1 Analog Input, 0001 
Channel 2 Analog Input, 0010 
Channel 3 Analog Input, 0011 

No Connection 

Channel 4 Analog Input, 0100 
Channel 5 Analog Input, 0101 
Channel 6 Analog Input, 0110 


Channel 7 Analog Input, 0111 


Agnd For Input Mux Section 


Channel 7 Analog Input, 1000 
No Connection 

Channel 9 Analog Input, 1001 
Channel 10 Analog Input, 1010 


Channel 11 Analog Input, 1011 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 5 V, Vcc = 15 V, Veg = -15 V, GNDRef = 0 V, Ty, = 25°C 


sal Cc Tmin to Tmax 
Parameter — Min Max Test Conditions/Comments 


KEY FEATURES 
Bits 
VES 


Refer to Table 6. for 
output coding 


Resolution 
Conversion Time, Per Channel 


tCONVR 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 

(Max INL — Min INL)/2 
fff to 000 [hex] transition 
VrerlN = 4.000 V 


Zero Code Error 
Full Scale Error 


POWER SUPPLY REJECTION 


Max change in Full Scale 
Calibration 


Voc = 15V+1.5Vor12V 
0.6 V 

Vpp = 5 V 40.25 V 

Vee=—-15 V +15 Vor 
—12V +0.6V 

—5 V +0.25 V 


REFERENCE VOLTAGES 


Voltage Output 
Ref. Source Current 
Ref. Sink Current 


ANALOG INPUT 


Input Voltage Range? 
Ground Reference 
CM Range@ 
CM RR 
Input Resistance 
Input Capacitance? 
Aperture Delay 


From WR low to high after STL 
high to low 
DC 


Channel-to-Channel Isolation? 


DIGITAL INPUTS 
WR, RD ABO-AB4, 
ADEN, SDC 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents“ 
Input Capacitance? 


Vin=GND to Vpp 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max Conditions 


DIGITAL OUTPUTS Cout=15 pF 
(Data Format 2’s Complement) 
SDO, STS, STL 


Logical “1” Voltage : : IsouRCE = 0.5 mA 
Logical “O” Voltage : : Isink = 1.6 mA 
Tristate Leakage VouTt=GND to Vpp 


POWER SUPPLIES 


Operating Range 
Vpp 


Voc 
VEE Tested at -11.4 and —16.5 only 


Operating Current 
IDp 
loc 


IEE 
Power Dissipation 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width is the DNL error. The INL error is the maximum distance (in LSB’s) from the best fit line to any transition voltage 

e Guaranteed. Not tested. 

All channel input pins and ground reference pin have protection which becomes active above +60 V. 

4 All digital inputs have diodes to Vpp and AGND. Input DC currents will not exceed specified limits for any input voltage between 


AGND and Vpp. 


Ww 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


Voo WAGND 2... ccccccaveeeseaunisagenns 0 to +16.5 V REP OUT sisunzateeensevanns Indefinite short to DGND, 
Ver toAGND ......... 0... cece cece eee 0 to-16.5 V Momentary short to Vcc 
Vpp to AGND .......... ccc ceeeveeeeeeeeeeees Oto 47 V Maximum Junction Temperature ................. 150°C 
AGND to DGND H1V Package Power Dissipation Rating to 75°C 

aan cada ieee Me “eee iad cracune: POPP stveneseckeesennewaesvesenneavunne FOU MY 
Digital Inputs or Outputs (WR, RD, CS, ABO-AB4, ADEN, if . 
SDC) toDGND ...........-..005. 0.5 V to Vpp +0.5 V Derates above 75°C ............0 cece ees 10 mW/°C 
Analog Inputs (Aj\yO — Ay 15, GND REF) Lead Temperature, Soldering ............ 300°C, 10 Sec 
(OAOND peice cadeld ved wut e is ecdae eee caseoaeres +60 V Storage Temperature (Ceramic) ........ —65°C to +150°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// logic inputs have protection diodes which will protect the device from 


short transients outside the supplies of less than 100mA for less than 100us. 
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PRODUCT INFORMATION 


Basic Description 


The MP3275 is a fault protected data acquisition subsystem 
available in monolithic form. This product contains all of the cir- 
cuitry necessary to acquire 16 channels of quasi differential or 
single-ended analog signals at +10 V input range and 15kHz 
bandwidth. Connections to power, the analog input signals and 
the digital system are all that is required. The MP3275’s input 
circuitry is protected against active input signals present with the 
MP3275 power off. This is also the case for any channel exceed- 


TIMING 


Control and Timing Considerations 


The MP3275 can be operated in the stand-alone mode, with 
one line for control and everything else hard-wired; or under mi- 
croprocessor control, where changes can be made dynamically. 


ing the MP3275 analog input dynamic range without interfering 
with the channel being digitized. The channel address and 


channel conversion can be managed in two ways: random 
channel conversion or same channel conversion. Circuitry on 
the chip adds a MUX/instrumentation amp settling delay of 10us 
max, when a new channel is selected (ADEN = 1). Conversion 
Start is initiated without delay for the single-channel case (ADEN 
= 0). Data is available in serial format. 


There are 4 control lines: ADEN, WR, CS and RD with their 
functions described in Table 17. 


cs | wr | wo |aoen| pata |sm|sts| Comments 


ADC Channel Select and Start Convert (See Figure 1. and Table 2.) 


{ 
0 
0 
0 
0 
0 
0 


{ 
X 0 ADC 
X Hi-Z 

Hi-Z 

X Last ADC 
“LT Hi-Z 
“LE 


ADC 


No operation 

No operation if ADEN = 0 

Input MUX channel selected, STL set on WR falling edge 
MUX select disabled 

Start convert on WR rising edge 

Start convert on STL falling edge 

STS goes low at end of conversion 


SDO enabled 

Data from previous conversion on SDO 

SDO disabled 

SDO/RD disabled while STS high 

Data from last conversion on SDO 

STL, MUX select disabled with ADEN = 0, 

SDO disabled on STS rising edge 

New data appears on SDO on falling edge of STS 


Note 1: If RD = 1, SDO remain high impedance. It is recommended that RD will not change during a conversion in 
order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise present on the 


SDO. 


Table 1. Logic Truth Table 


Rev. 4.00 


TOM 
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The MP3275 is easily interfaced to a wide variety of digital 
systems. Discussion of the timing requirements of the MP3275 
control signals follows. 


Figure 1. shows a complete timing diagram for the MP3275 
convert start operation. 


WR is used to initiate a conversion. 


A conversion is started by taking WR low, then high again 
(conversion is enabled on the rising edge of WR). There are two 
possible conditions that will affect conversion timing. 


1. ADEN = 1. At the falling edge of WR, the input channel is 
determined by the data present on the address bits. The 
track and hold begins to settle after which STL returns low, 
indicating that the multiplexer, buffer amp, and sample/hold 
have settled to less than 1/2 LSB of final value. If the rising 
edge of WR returns high prior to STL going low, conversion 
will begin on the falling edge of STL. If the rising edge of WR 
is delayed until after STL returns low, the input signal is sam- 
pled and the conversion is started at the rising edge of WR 
giving the user better control of the sampling time. 


2. ADEN =O. At the falling edge of WR the data present at the 
address is ignored and the channel selected during the pre- 


Be os 2 
vious conversion remains selected. In this case the track 
and hold settling time is omitted and STL never goes high. At 
the rising edge of WR the input signal is sampled, and con- 
version is started. 


There are two possible states that the data output could be in 
during a conversion. 


1. If RD is held high during a conversion the output would re- 
main high impedance throughout the conversion. This is the 
preferred method of operation as any noise present on SDO 
is rejected. 


2. If RD is held low during a conversion, the data present SDO 
will be from the previous conversion until the present conver- 
sion is completed, when STS returns low. The data from the 
new conversion will be available through SDO. The state of 
RD should not change during a conversion. 


Once a conversion is started and the STL or STS line goes 
high, convert start commands will be ignored until the conver- 
sion cycle is completed. The SDO output buffer cannot be en- 
abled during conversion. In addition, all input and output 
changes during conversion can introduce noise, and should be 
avoided when possible. 


Time Tmin to _ a7 
ADC Write Timing Interval | 25°C Tmax Limits Comments/Test Conditions 


ADC Control Timing 


Address to WR Set-Up Time 
Address to WR Hold Time 
WR Pulse Width 

ADEN to WR Set-Up Time 


ADC Conversion Timing 


WR to STL 7 Delay 


STL High (Settling Period) 

STL to STS Low (Converting) 

WR to STS High (ADEN = 0) 

WR to STS Low (ADEN = 1) 

STS High to SDO Relinquish Time 
STS Low to Data Valid (RD = 0) 


Load ckt of Figure 5, C, = 20 pF, 
ADEN = 1 

Load ckt of Figure 5, C, = 20 pF 
Load ckt of Figure 5, C, = 20 pF 
STL = 0 when ADEN = 0 


Load ckt of Figure 4 
Load ckt of Figure 3, C, = 20 pF 


Table 2. ADC Write Timing 
(See Figure 1.) 
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ADDRESS aa 2 


ADEN 2 as © 


t7 tg ty ie 
tie 


STL 


STS 


SDO 
RD=0 


New ADC Data 


SDO 
RD = 1 


HIGH Z 


Figure 1. Timing for ADC Channel Select Start Conversion 


Time . Tmin to - = 
ADC Read Timing Limits Comments/Test Conditions 


RD to Data Valid Delay Load ckt of Figure 3., C, = 20 pF 


Load ckt of Figure 3., C, = 100 pF 
SDO Relinquish Time after Load ckt of Figure 4. 
RD High 
RD Pulse Width 


Table 3. ADC Read Timing 
(See Figure 2.) 


DATA Valid 


t17 tig 


Figure 2. Timing for ADC Read 


t° 


a. High-Z to Von b. High-Z to VoL 


Figure 3. Load Circuit for Data 
Access Time Test 


STL, STS 


MP3275 


3k L 10pF 10pF 


a. VON to High-Z b. VoL to High-Z 


Figure 4. Load Circuit for 
Bus Relinquish Time Test 


Figure 5. Load Circuit for WR to STS Delay 


Serial Data Output 


The serial data output sequence is MSB (DB11) first to LSB 
(DBO) last. The MSB (DB11) data bit appears at SDO when STS 
goes low. The second most significant bit appears at SDO on 
the SDC high-to-low transition next. The LSB (DBO) is present 
at SDO on the 11th SDC high-to-low transition. 


Further information regarding serial control and timing is 
shown in Figure 6., Table 4. and Table 5. 


For a minimum interconnect serial environment, the channel 
address state can be generated in at least two ways, using an 
address counter, or using an address serial to parallel converter. 
WR can then be used as the counter clock or shift register load 
signal as well as the A/D converter start convert signal on the ris- 
ing edge. (Note that the falling edge loads the address present at 
the address port.) 


STS 


too 
See Table 4 


spo oer qwse) |X ___oai0 XX $4 


SDC should be in a high state during the STS high period. SDC can make the first high to low transition after to. 


Figure 6. Serial Data Mode Timing 
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Time Tmin to 
Serial Data Output |_ Serial Data Output Timing _| | Interval! | 25'c | Tmax _| | Limits | Comments/Test _____ VOMIMenIsiTestCOnemions | 


STS low to SDO Valid, Load Ckt 4 of Figure 3. 
RD =0 
Minimum clock high pulse width 
SDC low to data valid delay Load ckt of Figure 3., C, = 20pF 
Load ckt of Figure 3., C, = 100pF 


Table 4. Serial Data Output Mode Timing 
(See Figure 6.) 


_wr | RD [Aven | data_| sti | sts| pBwspc 


ADC Channel Select and Start Convert 


No operation if ADEN = 0 

Input MUX channel selected, STL 
set on falling edge of WR 

MUX select disabled 

Start convert on WR rising edge 
Start convert on STL falling edge 
STS goes low at end of conversion 


oO 
-) 
— 


Serial output (SDO) and 

serial clock input (SDC) enabled 

MSB data available at SDO 

Next significant bit shifted out to SDO 
No Operation 

No Operation 

Next significant bit shifted out to SDO 
Data outputs/SDC input disabled 

Data outputs/RD disabled when STS = 1 
STL, MUX select disabled when ADEN = 0 
New data appears at SDO on falling 
edge of STS 


MSB (DB11) 
DB10 
DB10 
DB10 
DB9 
Hi-Z 
Hi-Z 
Hi-Z 
MSB (DB11) 


COx>09O0COXx 
xOmK KK KK KK 
So0cogcoDpCcSe 
ooo koto no) 
32a x< xk <5 O¢ = 


2 Tore — 


Note 1: If RD = 1, data outputs remain high impedance. It is recommended that RD will not change during a con- 
version in order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise 
present on the data bus. 


Table 5. Logic Truth Table — Serial Data Output 


2’s Complement Output Code (Hexidecimal Ideal Transition Voltage 


1110 (7fe) to 0111 1111 1111 (7ff) +FS—1 1/2 LSB 
0000 (000) to 0000 0000 0001 (001) 0V+1/2 LSB 
1111 (fff) to 0000 0000 0000 (000) 0 V-1/2 LSB 
0000(800) to +1000 0001 (801) -FS +1/2 LSB 


Table 6. Key Output Codes vs. Input Voltage (2’s Complement Code) 
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APPLICATION INFORMATION 


The MP3275 is a complete A/D converter system, with its 
own built-in reference andclock. It may be used by itself (“stand- 
alone” operation), or it may be interfaced with a microprocessor. 


Successful application of the MP3275 requires careful atten- 
tion to four main areas: 


1) Physical layout. 

2) Connection/Trimming according to mode of operation. 
3) Conditioning of input signals. 

4) Control and Timing considerations. 


Physical Layout 


The 12-bit accuracy of the MP3275 represents a dynamic 
range of 72dB. Precautions must be taken to avoid any interfer- 
ing signals, whether conducted or radiated, to assure that this is 
not degraded. 


e Avoid placing the chip and its analog signals near logic 
traces. In general, using a double sided printed circuit 
card with a good ground plane on the component side is 
recommended. Routing analog signals between ground 
traces will help isolate digital control logic. If these lines 
cross, do so at right angles. The GND Ref. is the positive 
terminal of the MUX/Instrumentation amplifier and will 
provide common mode noise rejection. It should be 
close to and shielded together with the channel inputs in 
order to take advantage of this feature. 


e Power supplies should be quiet and well regulated. 
Grounds should be tied together at the package and 
back to the system ground with a single path. Bypass the 
supplies at the device with a 0.01 to 0.1u.F ceramic cap 
and a 10-47 uF tantalum type, in parallel. 


“Stand-Alone” Operation 


The MP3275 can be used in “stand-alone” operation, which is 
useful in systems not requiring full computer bus interface capa- 
bility. 

For this operation, CS = 0, ADEN = 1, and conversion is con- 
trolled by WR. The 3-state buffer SDO is enabled when RD goes 
low. There are two possible conditions that the 3-state buffer 
could be in during a conversion. If RD goes low prior to WR the 
output buffer is enabled and the data from the previous conver- 
sion is available at the outputs during STL = 1. At the end of the 
present conversion which is initiated at the rising edge of WR, 
STS returns low and the new conversion result is placed on the 
output data buffer. 


lf WR goes low prior to RD, the data buffer remains in a high 
impedance state and conversion is initiated at the rising edge of 
WR. Upon the end of the conversion the STS returns low and 
the conversion result is placed on the output data buffers. 
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Ground Reference 


The ground reference pin can be used for remote ground 
sensing of acommon mode input signal with a maximum 6 V p-p 
around AGND. 


This common input can also be used to dither each input’s 
“zero”. By averaging multiple conversions digitally, higher reso- 
lution for each input conversion can be obtained. Patterns for 
this dither can be a ramp, a stair step, or white noise. 


Figure 7. Equivalent Input Circuit 


Quasi Differential Sampling 


Method 1 


For remote ground sensing where the remote ground does 
not change more than +3 V from the A/D ground, connect GND 
Ref to the remote ground. 


Method 2 


Where Method 1 applies to each channel or group of chan- 
nels, add a mux to allow connecting the appropriate ground to 
GND Ref. 


Method 3 


Use two parts. Tie both GND Ref pins together and connect 
this node to the “common” remote GND. Control the sample 
point by connecting each STL through an “OR” gate whose out- 
put is “NAND” connect with WR (inverted WR). Use this output 
as WR to both WR inputs. By controlling the WR, sample delay 
differences between the two converters is minimized. Two parts 
from the same date code will further minimize this difference. 
Treat one A/D as the (+) terminal and the other as the (—) termi- 
nal of the differential signal. Now the difference can be taken 


digitally. 
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FEATURES 


e Fault Protected 16-Channel 12-Bit A/D 
Converter with Sample & Hold, Reference, 
Clock and 3-state Outputs 

e Fast Conversion, less than 15uS 

e Microprocessor Bus Interface 

e 2’s Complement Data Output 

e Parallel or Serial Data Output Modes 

e 65 ns Bus Access Time 

e Remote Analog Ground Sensing 


GENERAL DESCRIPTION 


The MP3276 is a complete 16-channel, 12-bit Data Acquisi- 
tion Subsystem with 3-state output buffers for direct interfacing 
to 16-bit microprocessor buses. Implemented using an ad- 
vanced BiCMOS process, the converter combines a 16-channel 
passive overvoltage protected multiplexer instrumentation amp, 
a sample & hold, a SAR, a 12-bit decoded D/A, a comparator, a 
precision reference and the control logic to achieve an accurate 
repeated conversion in less than 15us, and a mux/instrumenta- 
tion amp settling period of less than 10us. 


A unique input design provides input overvoltage protection 
to +50 V over the supply voltages. The circuit design can allow 


SIMPLIFIED BLOCK DIAGRAM 


GND REF. Vpp 
GND 


ABO-3 
(4 pins) 


AINO-15 
(16 pins) 


AGND> 


REF IN 


REF OUT 


AGND3 


Control 
Logic 


DGND Veg AGND WR RD ADEN _ STL 


cs STS 


MP3276 


Fault Protected 16 Channel, 12-Bit 
Data Acquisition Subsystem 


Overvoltage Protected Input (--50 V over the Sup- 
ply Voltages) 

Precision Reference for Long Term Stability and 
Low Gain T.C. 

Guaranteed Linearity Over Temperature 
Guaranteed Performance at +12/—-5 V, +12 &+15 V 
Low Power: 110 mW typ. (7 mW per Channel typ.) 
32 Channel Version: MP3274 


for an overvoltage condition on unselected channels without dis- 
rupting the measured channel or operation of the MP3276! The 
internal 4 V reference has sufficient output current to provide 
other system reference needs. Precision thin film scaling and 
offset resistors are laser trimmed to provide for less than 2 LSB 
INL for +10 V inputs on all channels. 


In addition, the MP3276 will output either full scale (0111 ....) 
for overrange and — full scale (1000....) for underrange condi- 
tions. This greatly simplifies microprocessor software develop- 
ment. 


Voc AGND 
O) 


SAR 
- Latch/ 
Shift Register 


3-state 
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DBO-DB11 
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ORDERING INFORMATION 


Package Temperature 
Range 


~40t0+85°C_ | MP3276AG 
oO 


—40 to +85°C MP3276AP 


PIN CONFIGURATIONS 


See the following 
page for pin 
numbers and 
descriptions 


68 Pin PGA 
G68 


See the following 
page for pin 
numbers and 
descriptions 


68 Pin PLCC 
P68 
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PIN OUT DEFINITIONS 


PLCC PGA 
| PIN NO. | NO. | PADS DESCRIPTION 


Negative Analog Supply 


PLCC PGA 
PINNO.| PADS DESCRIPTION 


Address Enable 


Aini2 Analog Input 12, AB3-ABO = 1100 Channel Address 3 


N/C or GND Channel Address 2 


Analog Input 13, AB3-ABO = 1101 Channel Address 1 


Ain13 
N/C or GND Channel Address 0 


Analog Input 14, AB3-ABO = 1110 GND 


Ain14 


N/C or GND Positive Digital Supply 


Ain15 Analog Input 15, AB3-ABO = 1111 Positive Analog Supply 


N/C or GND Analog Input 0, AB3-ABO = 0000 


N/C or GND 


GND Ref. | Input Ground Reference 


Analog Input 1, AB3-ABO = 0001 


AGND ADC Analog Ground 


N/C or GND 


Ref In Reference Input 


Ref Out Analog Input 2, AB3-ABO = 0010 


Reference Output 


AGND3 Reference Analog Ground N/C or GND 


Analog Input 3, AB3-ABO = 0011 


DGND Digital Ground 


N/C or GND 


DBO/SDC | Data Output Bit 0/Serial Data 
Clock 
No Connection 


N/C No Connection 


Analog Input 4, AB3-AB0 = 0100 


DB1 Data Output Bit 1 


N/C or GND 


DB2 Data Output Bit 2 


Analog Input 5, AB3-ABO = 0101 


DB3 Data Output Bit 3 


N/C or GND 


DB4 Data Output Bit 4 


Analog Input 6, AB3-ABO = 0110 


DB5 Data Output Bit 5 


N/C or GND 


DB6 Data Output Bit 6 


Analog Input 7, AB3-ABO = 0111 


DB7 Data Output Bit 7 


N/C or GND 


DB8 Data Output Bit 8 


Analog Ground Mux Return 


DB9 Data Output Bit 9 


Analog Input 8, AB3-ABO = 1000 


DB10 Data Output Bit 10 


N/C or GND 
DB11/SDO} Data Output Bit 11/Serial 


Data Out 


Analog Input 9, AB3-ABO = 1001 


Conversion Status N/C or GND 


STS 


Analog Input 10, AB3-ABO = 1010 


STL Mux Settling Status 


Parallel/XSerial N/C or GND 


Read Enable Analog Input 11, AB3-ABO = 1011 
Chip Select N/C or GND 


Write Enable 


FY rv40 fF fF Ff fF ff / TOM 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 5 V, Vcc = 15 V, Veg = -15 V, GNDRef = 0 V, Ty, = 25°C, 


VrerliN = ReOut 
. 25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


yi 
15 
2 
2 


Tz 
tcoNVR 15 


Resolution 
Conversion Time, Per Channel 


KEY FEATURES 
Bits 
us 


Refer to Table 6. for 
LSB 
LSB 
+101 LS 
+TO.51 FF 


output coding 
B 
LSB 
LSB 
LSB 
V 
V 
mA 
LA 


ACCURACY (A Grade)! 


DNL 
INL 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 
(Max INL — Min INL)/2 

fff to 000 [hex] transition 
VrerlN = 4.000 V 


Zero Code Error 
Full Scale Error 


EZS 
EFS 


Ref In 
Ref Out 


Max change in Full Scale 
Calibration 


POWER SUPPLY REJECTION 


Veco = 15V +1.5Vor12V 
+0.6 V 

Vpp = 5 V £0.25 V 

Vee =-15V +1.5 V or 

-12 V +0.6 V or 

—5 V +0.25 V 


REFERENCE VOLTAGES® 


Ref. Voltage Input Rin =~5 KQ, Vpp =5 V 
Ref. Voltage Output 
Ref. Source Current 


Ref. Sink Current 


ANALOG INPUT 


Input Voltage Range 
Ground Reference 
CM Range? 
CM RR 
Input Resistance 
Input Capacitance? 
Aperture Delay 


From WR low to high after STL 
high to low 
DC 


Channel-to-Channel Isolation? 


DIGITAL INPUTS 
CS, WR, RD ABO-AB4, 
ADEN, SDC 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents‘ 
Input Capacitance? 


Vin=GND to Vpp 


Vining ff TOM 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max 


DIGITAL OUTPUTS 
(Data Format 2’s Complement) 
DB0O/SDC—DB11/SDO, STL, STS 


Logical “1” Voltage 
Logical “O” Voltage 
Tristate Leakage 


POWER SUPPLIES 


Operating Range 
Vpp 
Voc 
VEE 

Operating Current 
IDp 
loc 


lEE 
Power Dissipation 


NOTES 


Coyt=15 pF 


lsourcEe = 0.5 mA 
ISiInK =1.6mA 


VouT=GND to Vpp 


Tested at —11.4 and —16.5 only 


Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 


ideal code width is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to any transition voltage 


2 Guaranteed. Not tested. 

3 All channel input pins and ground reference pin have protection which becomes active above +60 V. 

4 All digital inputs have diodes to Vpp and AGND. Input DC currents will not exceed specified limits for any input voltage between GND 
and Vpp. 

S Refin should not vary from Refout by more than +10% of the nominal value of Refout. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


Vie 0 LN 2950s nee ve tans paeconstesanes 0 to +16.5V 
VEE 10 DUD ons oc oon Oe eis hee eh eee rena 0 to -16.5 V 
Vop 16 DANE, on aeae dassds kcaveseesvusnsess Oto+7V 
AGND to DGND «625s eadicrwnssen ceed oeeenrcaasen es +1V 
Digital Inputs/Outputs 

ODS sedan dcataeskeeienkian —0.5 V to Vioaic +0.5 V 
Analog Inputs (AjyO — Ajy31, GND REF) 

1 PRS bvahecds coed ohh iy oes cunG eee betaets: +60 V 
NOTES: 


Mer OUT) cxcundvevecuvews ees Indefinite short to DGND, 
Momentary short to Vcc 
Maximum Junction Temperature ................. 150°C 
Package Power Dissipation Rating to 75°C 
POR, PICO. ovévecan eee eeeanidindednes bs 1800 mW 
Derates above 75°C ci ccsccesiccsessaawes 25 mW/°C 
Lead Temperature, Soldering ............ 300°C, 10 Sec 
Storage Temperature (Ceramic) ........ —65°C to +150°C 


u Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// logic inputs have protection diodes which will protect the device from 
short transients outside the supplies of less than 100mA for less than 100s. 
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PRODUCT INFORMATION 


Basic Description 


The MP3276 is a fault protected data acquisition subsystem 
available in monolithic form. This product contains all of the cir- 
Cuitry necessary to acquire 16 channels of quasi differential or 
single-ended analog signals at +10 V input range and 15kHz 
bandwidth. Connections to power, the analog input signals and 
the digital system are all that is required. The MP3276’s input 
circuitry is protected against active input signals present with the 
MP3276 power off. This is also the case for any channel exceed- 


TIMING 


ing the MP3276 analog input dynamic range without interfering 
with the channel being digitized. The channel address and 


channel conversion can be managed in two ways: random 
channel conversion or same channel conversion. Circuitry on 
the chip adds a MUX/instrumentation amp settling (STL) delay 
of 10s max, when anewchannel is selected (ADEN = 1). Con- 
version start is initiated without delay for the single-channel case 
(ADEN = 0). Data is available in either parallel or serial format. 


Control and Timing Considerations — Parallel Mode (PXS = 1) 


The MP3276 can be operated in the stand-alone mode, with 
one line for control and everything else hard-wired; or under mi- 
croprocessor control, where changes can be made dynamically. 
There are 4 control lines: ADEN, CS, WR, and RD with their 
functions described in Table 7. 


PXS is the control pin for formatting data for serial or parallel 
control. 


cs | wr | Ro [aven| data _| sri 


ADC Channel Select and Start Convert (See Figure 1. and Table 2.) 


X 0 
0 0 
1 0 
X 0 
X T 
X T 
X 1 


ADC 
Hi-Z 
Hi-Z 
Last ADC 
Hi-Z 


ADC 


No operation 

No operation if ADEN = 0 

Input MUX channel selected, STL set on WR falling edge 
MUX select disabled 

Start convert on WR rising edge 

Start convert on STL falling edge 

STS goes low at end of conversion 


Data outputs enabled 

Data from previous conversion on data bus 

Data outputs disabled 

Data/RD disabled while STS high 

Data from last conversion on data bus 

STL, MUX select disabled with ADEN = 0, 

data outputs disabled on STS rising edge 

New data appears on data bus on falling edge of STS 


Note 1: If RD = 1, data outputs remain high impedance. It is recommended that RD will not change during a conver- 
sion in order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise present on 


the data bus. 


Table 1. Logic Truth Table for PXS = 1 (Parallel Mode) 


TOM 
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The MP3276 is easily interfaced to a wide variety of micropro- 7 


cessors and other digital systems. Discussion of the timing re- 
quirements of the MP3276 control signals follows. 


Figure 1. shows a complete timing diagram for the MP3276 
convert start operation. 


Either WR or CS may be used to initiate a conversion. We 
recommend using WR as used in Figure 7. It is quieter and has 
less propagation delay than CS. If CS is used to trigger the con- 
version the specified set-up times will be longer. 


A conversion is started by taking WR low, then high again 
(conversion is enabled on the rising edge of WR). There are two 
possible conditions that will affect conversion timing. 


ADEN = 1. At the falling edge of WR, the input channel is 
determined by the data present on the address bits. The 
track and hold begins to settle after which STL returns low, 
indicating that the multiplexer and the buffer amp have set- 
tled to less than 1/2 LSB of final value. If the rising edge of 
WR returns high prior to STL going low, conversion will begin 
on the falling edge of STL. Ifthe rising edge of WR is delayed 
until after STL returns low, the input signal is sampled and 
the conversion is started at the rising edge of WR giving the 
user better control of the sampling time. 


i 


MP3276 


address is ignored and the channel selected during the pre- 
vious conversion remains selected. In this case the track 
and hold settling time is omitted and STL never goes high. At 
the rising edge of WR the input signal is sampled, and con- 
version is started. 


There are two possible states that the data outputs could be in 
during a conversion. 


1. If RD is held high during a conversion the outputs would re- 
main high impedance throughout the conversion. This is the 
preferred method of operation as any noise present on the 


data bus is rejected. 


If RD and CS are held low during a conversion, the data pre- 
sent will be from the previous conversion until the present 
conversion is completed when STS returns low. The data 
from the new conversion will appear on the outputs. The 
state of RD or CS should not change during a conversion. 


Once a conversion is started and the STL or STS line goes 
high, convert start commands will be ignored until the conver- 
sion cycle is completed. The output data buffers cannot be en- 
abled during conversion. In addition, all inputs and outputs 
which change during conversion can introduce noise, and 
should be avoided when possible. 


Time Tmin to — _. 
ADC Write Timing Interval | 25°C Tmax Limits Comments/Test Conditions 


ADC Control Timing 


CS to WR Set-Up Time 

CS to WR Hold Time 
Address to WR Set-Up Time 
Address to WR Hold Time 
WR Pulse Width 

ADEN to WR Set-Up Time 


ADC Conversion Timing 
WR to STL Delay 


STL High (mux/amp settle) 

STL to STS Low (Converting) 
WR to STS High (ADEN = 0) 
WR to STS Low (ADEN = 1) 

STS High to Bus Relinquish Time 
STS Low to Data Valid (RD = 0) 


Load ckt of Figure 5, C, = 20 pF, 
ADEN = 1 

Load ckt of Figure 5, Ci = 20 pF 
Load ckt of Figure 5, C, = 20 pF 
STL = 0 when ADEN = 0 


Load ckt of Figure 4 
Load ckt of Figure 3, C, = 20 pF 


Table 2. ADC Write Timing 
(See Figure 1.) 
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STS t 
10 
DBO-DB11 Previous ADC Data e New ADC Data 
RD =0 LL 
ti3 
DBO-DB11 HIGH Z 
RD = 1 


Figure 1. Timing for ADC Channel Select Start Conversion 


CS to RD Set-Up Time 
CS to RD Hold Time 


RD to Data Valid Delay Load ckt of Figure 3., C, = 20 pF 
Load ckt of Figure 3.,C, = 100 pF 
Bus Relinquish Time after RD Load ckt of Figure 4. 
High 
RD Pulse Width Load ckt 4 


Table 3. ADC Read Timing 
(See Figure 2.) 


DATA 


Figure 2. Timing for ADC Read 
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a. High-Z to Von 


i” 


b. High-Z to VoL 


Figure 3. Load Circuit for Data 
Access Time Test 


DB 


DBy 
10pF 


* 


a. Von to High-Z b. VoL to High-Z 


Figure 4. Load Circuit for 
Bus Relinquish Time Test 


STL, STS ene 
+ 


DGND 


Figure 5. Load Circuit for WR to STS Delay 


Serial Data Output Mode (PXS = 0) 


The MP3276 output data is available in serial form when PXS 
= 0 prior to the RD high-to-low transition. When PXS = 0, the 
DB11/SDO pin functions as the serial data output. The 
DBO/SDC pin functions as the serial clock input and all other 
data outputs are 3-stated. 


The serial data output sequence is MSB (DB11) first to LSB 
(DBO) last. The MSB (DB11) data bit appears at DB11/SDO 
when STS goes low. The second most significant bit appears at 
DB11/SDO on the next DBO/SDC high-to-low transition. The 
LSB (DBO) is present atDB11/SDO on the 11th SDC high-to-low 
transition. 


The control pin functions (ADEN, CS, WR, and RD) are the 
same as the parallel mode of operation. Further information re- 
garding serial control and timing is shown in Figure 6., Table 4. 
and Table 5. 


For a minimum interconnect serial environment, the channel 
address state can be generated in at least two ways, using an 
address counter, or using an address serial to parallel converter. 
WR can then be used as the counter clock or shift register load 
signal as well as the A/D converter start convert signal on the ris- 
ing edge. (Note that the falling edge loads the address present at 
the address port.) 


STS 
too 
Th See Table 4 
spc KXAN 
a 
DB11/SD0 (“pan wsey |X B10 XS 


SDC should be in a high state during the STS high period. SDC can make the first high to low transition after tg}. In normal use it is 
assumed that PXS is hardwired low. However, if the mode of operation is changed, PXS must go low prior to RD going low. 


Figure 6. Serial Data Mode Timing 
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Set Tmin to 
Serial Data |_Serial Data Output Timing _ Timing | Interval 25°C Tmax | Limits _| Comments/Test |_Comments/Test Conditions _—_ 


STS low to SDO (DB11) Valid, Load Ckt 4 of Figure 3. 
RD=0 
Minimum clock high pulse width 
SDC low to data valid delay Load ckt of Figure 3., C, = 20pF 
Load ckt of Figure 3., Ci = 100pF 


Table 4. Serial Data Output Mode Timing (See Figure 6.) 


_cs | exs| we | AD | aben| pata_|sti| sts | ppospc| __Comments_— 


ADC Channel Select and Start Convert 


No Operation 

Serial mode enabled (1) 

No operation if ADEN = 0 

Input MUX channel selected, STL 
set on falling edge of WR 

MUX select disabled 

Start convert on WR rising edge 
Start convert on STL falling edge 
STS goes low at end of conversion 


x MK KK KKK 


Serial output (DB11/SDO) and 
serial clock input (DBO/SDC) 
enabled 
MSB (DB11) MSB data available at DB11/SDO 
DB10 Next significant bit shifted out to 
DB11/SDO 
DB10 No Operation 
DB10 No Operation 
DB9 Next significant bit shifted out to 
DB11/SDO 
Hi-Z 0 Data outputs/SDC input disabled 
Hi-Z Data outputs/RD disabled when 
sis=1 
Hi-Z STL, MUX select disabled when 
ADEN = 0 
MSB (DB11) New data appears at DBB11/SDO 
on falling edge of STS 


Note 1: If RD = 1, data outputs remain high impedance. It is recommended that RD will not change during a conver- 
sion in order to reduce noise. It is further recommended that RD = 1 during conversion to reject any noise present on 
the data bus. 


Table 5. Logic Truth Table — Serial Data Output Mode 


2’s Complement Output Code (Hexidecimal Ideal Transition Voltage 


1110 (7fe)to O111 1111 = 1111 (7ff) +FS —1 1/2 LSB 


0000 (000) to 0000 0000 0001 (001) 0V +1/2 LSB 
1111 (fff) to 0000 0000 0000 (000) 0V -1/2 LSB 
0000(800) to 1000 0000 0001 (801) —FS +1/2 LSB 


Table 6. Key Output Codes vs. input ies i cS ise saab ictnic Code) 
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APPLICATION INFORMATION 


The MP3276 is a complete A/D converter system, with its 
own built-in reference andclock. It may be used by itself (“stand- 
alone” operation), or it may be interfaced with a microprocessor 
which can control both conversion and formatting of output. 


Successful application of the MP3276 requires careful atten- 
tion to four main areas: 


1) Physical layout. 

2) Connection/Trimming according to mode of operation. 
3) Conditioning of input signals. 

4) Control and Timing considerations. 


Physical Layout 


The 12-bit accuracy of the MP3276 represents a dynamic 
range of 72dB. Precautions must be taken to avoid any interfer- 
ing signals, whether conducted or radiated, to assure that this is 
not degraded. 


e Avoid placing the chip and its analog signals near logic 
traces. In general, using a double sided printed circuit 
card with a good ground plane on the component side is 
recommended. Routing analog signals between ground 
traces will help isolate digital control logic. If these lines 
cross, do so at right angles. The GND Ref. is the positive 
terminal of the MUX/Instrumentation amplifier and will 
provide common mode noise rejection. It should be 
close to and shielded together with the channel inputs in 
order to take advantage of this feature. 


e Power supplies should be quiet and well regulated. 
Grounds should be tied together at the package and 
back to the system ground with a single path. Bypass the 
supplies at the device with a 0.01 to 0.1uF ceramic cap 
and a 10-47 uF tantalum type, in parallel. 


“Stand-Alone” Operation 


The MP3276 can be used in “stand-alone” operation, which is 
useful in systems not requiring full computer bus interface capa- 
bility. This operation is available for either parallel or serial mode. 


For this operation, CS = 0, ADEN = 1, and conversion is con- 
trolled by WR. The 3-state buffers are enabled when RD goes 
low. There are two possible conditions that the 3-state buffers 
could be in during aconversion. If RD goes low prior to WR, the 
output buffers are enabled and the data from the previous con- 
version is available at the outputs during STL=1. At the end of 
the present conversion which is initiated at the rising edge of 
WR, STS returns low and the new conversion result is placed on 
the output data buffers. 


lf WR goes low prior to RD, the data buffers remain in a high 
impedance state and conversion is initiated at the rising edge of 
WR. Upon the end of the conversion the STS returns low and 
the conversion result is placed on the output data buffers. It is 


Rev. 4.00 # 


ow 
SERS — eS 
F 


MP3276 


imperative that RD or WR not change during a conversion to in- 
sure that errors will not occur. 


Ground Reference 


The ground reference pin can be used for remote ground 
sensing of acommon mode input signal with a maximum 6 V p-p 
around AGND. 


This common input can also be used to dither each input’s 
“zero”. By averaging multiple conversions digitally, higher reso- 
lution for each input conversion can be obtained. Patterns for 
this dither can be a ramp, a stair step, or white noise. 


Figure 7. Equivalent Input Circuit 


Quasi Differential Sampling 


Method 17 


For remote ground sensing where the remote ground does 
not change more than +3 V from the A/D ground, connect GND 
Ref to the remote ground. 


Method 2 


Where Method 1 applies to each channel or group of chan- 
nels, add a mux to allow connecting the appropriate ground to 
GND Ref. 


Method 3 


Use two parts. Tie both GND Ref pins together and connect 
this node to the “common” remote GND. Control the sample 
point by connecting each STL through an “OR” gate whose out- 
put is “NAND” connect with WR (inverted WR). Use this output 
as WR to both WR inputs. By controlling the WR, sample delay 
differences between the two converters is minimized. Two parts 
from the same date code will further minimize this difference. 
Treat one A/D as the (+) terminal and the other as the (—) termi- 
nal of the differential signal. Now the difference can be taken 
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FEATURES 


e Sampling Rates from 0.001 to 15 MHz (MSPS) 

e Interface to any Analog Input Range between 
GND and Vpp 

e Monotonic; No Missing Codes 

e Single Power Supply (4 to 6 Volt) 

e Low Power CMOS (150 mW typ.) 

e ESD Protection: 2000 Volts Minimum 

e Latch-Up Free 


GENERAL DESCRIPTION 


The MP7682 is a 6-bit monolithic CMOS single step flash 
Analog-to-Digital Converter designed for precision 6-bit 
applications in video, scanning and data acquisition requiring 
conversion rates to 15 MHz. Differential Linearity error is less 
than 1/2 LSB at 10 MHz, and power consumption is 150 mW, 
typical. 

The MP7682 has a unique input architecture which 
eliminates the need for an input track and hold and allows full 
scale input ranges from about 1 to 5 volts peak-to-peak, referred 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Vpp 


VIN 
VREF(+) 
1/2 R 
Encoder 
VREF(CTR) Ladder 
VREF(-) 
CLK 
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MP7682 


CMOS 
6-Bit High Speed 
Analog-to-Digital Converter 


BENEFITS 


e High Conversion Speed at Low Power 

e Most Flexible Input Range of any A/D Available 
e No Sample/Hold Needed 

e Easy Ping-Ponging for 30 MSPS System 


to ground or offset. The user simply sets Vaer(_) and Vrer(4) to 
encompass the desired input range. 


MP7682 includes 64 auto-balanced clocked comparators, an 
encoder, 3-state output buffers, a reference resistor ladder, and 
associated timing circuitry. An overflow bit (or flag) has been 
provided to make it possible to achieve 7-bit resolution by 
connecting two devices in parallel. In normal operation this flag 
has no effect on the data bits. 


DB5-D 
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ORDERING INFORMATION 


Ce Pe] oe 
Type Range (LSB) (LSB) 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


DB5 DB4 DB5 1@ DB4 
OFW DB3 OFW 2 DB3 
GND VREF(CTR) GND 8B VREF(CTR) 

ZENER DB2 ZENER 4 DB2 

OE2 DB1 OE2 5 DB1 
OEF1 DBO OE1 6 DBO 
CLK Vop CLK 7 Vop 

PHASE VIN PHASE 8 VIN 
VREF(+) VREF(-) VREF(+) 9 VREF(-) 
18 Pin CDIP, PDIP (0.300”) 18 Pin SOIC (0.300”, Jedec) 


D18, N18 S18 


PIN OUT DEFINITIONS 


_PINNO.| NAME _ DESCRIPTION LPINNO.| NAME _ DESCRIPTION 


Data Output Bit 5 Output (MSB) 10 VREF(-) Reference Voltage (—) Input 
Digital Output Overflow 11 VIN Analog Input 
Ground 12 Vpp Power Supply 
On Chip Zener Output 13 | DBO Data Output Bit O Output (LSB) 
Output Enable Control 14 DB1 Data Output Bit 1 Output 

OET Output Enable Control 15 DB2 Data Output Bit 2 Output 

CLK Clock Input 16 VREF(CTR) | FR Ladder Mid Point 

PHASE Sampling Clock Phase Control 17 DB3 Data Output Bit 3 Output 


oO ON Oa FP WO NYO = | 


VREF(+) Reference Voltage (+) Input 18 DB4 Data Output Bit 4 Output 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 5 V, Fs = 15 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance), 
VREF(+) = 4.1, VREF(-) = GND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max | Units Test Conditions/Comments 


KEY FEATURES 
6 6 Bits 
Fs | 0.001 15 0.001 15 | MHz 


Best Fit Line 
(Max INL — Min INL) /2 


Best Fit Line 
" oe 


Vin=GND to Vpp 


Resolution 
Sampling Rate 


ACCURACY (J, S Grades)! 


Differential Non-Linearity 
Integral Non-Linearity 
(Relative Accuracy) 
Zero Scale Error 

Full Scale Error 


ACCURACY (K, T Grades)! 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient? 


VREF(+) 
VREF(-) 
VREF 

Ri 
Rtco 


ANALOG INPUT2 


Input Voltage Range 
Input Impedance 
Input Capacitance Sample° 
Aperture Delay 

Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
OE2 
OET 
Phase 
Input Capacitance? 
Clock Timing (See NO TAG) 
Clock Period 
“High” Time 
“Low” Time 
Duty Cycle 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DIGITAL OUTPUTS 


Logical “1” Voltage : : lLoaD =—-1.0 MA 
Logical “O” Voltage ; : ILOAD = 2.0 mA 
3-state Leakage + + Vout = GND to Vpp 
Data Valid Delay? 


Data Enable Delay 
Data 3-state Delay 
Output Capacitance? 


POWER SUPPLIES 


Operating Voltage 
Current 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VpgeF/64) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to . 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 

2 Guaranteed. Not tested. 


3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vix input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


We OO GINL” sasceeakenesceeheds ceauevorees eeeeus +7V Storage Temperature ................. —65°C to +150°C 
Vier & VARGA) cane conn ewenes GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Wl ccuon nsreaeneuagceeeehwcen GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Digital Inputs .................. GND -0.5 to Vpp +0.5 V CUIP, PDIP, SORS caves eee axtenedwanecas nna 850mW 
Digital OUTPUTS 2.2. s0scnenecaes GND -0.5 to Vpp +0.5 V Derates above 75°C ........... 00.000 e eee 11mW/°C 
NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 
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rae : TTX Data Valid 0 
> to. 
Figure 1. Clock Timing Specification Figure 2. Data Line Enable Delay 
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Figure 3. DNL Measurement Figure 4. INL Error Calculation 
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Figure 5. Analog Input Equivalent Circuit 
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Figure 8. MP7682 Second Harmonic as a Function of Sample Rate 


CONDITIONS: Veer @ Vpp: T = 25°C CONDITIONS: Vy = Vaer = Vop; T= 25°C 
eS Vpoo = 8 Vv wd Voo = 8 Vv 
Fg = 15 MHz 
== Vop=5V 
= a= o= Vpo = 5 V 
Fy =10 MHz 
VIN O 
Leakage = 
Current 2 
(LA) = 
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INPUT VOLTAGE (VIN) -- VOLTS SAMPLE RATE -- MHz 
Graph 1. Analog Input Current Graph 2. Analog Input Current 
vs. Input Voltage vs. Sample Rate 
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FEATURES 


e 3 MHz Sampling Rate 

e Non-Linearity +1/4 LSB (typ) with S/H 

e Low Power CMOS - 100mW (typ) 

e Requires NO SAMPLE AND HOLD for signals 
less than 100 kHz 

e Single Supply Voltage (+4 V to +6 V) 

e Latch-Up Free 


GENERAL DESCRIPTION 


The MP7683 is a monolithic CMOS 8-bit two step flash Ana- 
log-to-Digital Converter designed for applications which de- 
mand Low Power Consumption and High Speed digitization (2 
MHz sampling rate, 100mW power dissipation). The linearity er- 
roris 1/4 LSB (typical), with clock frequency of 2 MHz at a supply 
voltage of 5 volts. 

The MP7683 conversion is done in two segments. The first 
segment converts the 3 MSBs and consists of eight (8) auto— 
balanced comparators, latches, an encoder, and four buffer 
storage registers. The second segment converts the five (5) 


SIMPLIFIED BLOCK DIAGRAM 


VIN 
® 
VREF(+) Y 
R4 © Comparators Latches 
R3 9 Resistor 
Ladder 
and 
R2 Switches 
RY Comparators Latches 
VREF(-) 


OE2 


CLK PHASE 


MP7683 


CMOS 
8-Bit High Speed 


APPLICATIONS 


e High Speed Low Power A/D Conversion 
e Satellite Operations 

e High Energy Physics Research 

e Portable Products 

e Radar Pulse Analysis 

e uP Data Acquisition Systems 


LSBs and consists of 32 auto-balanced comparators, latches, 
an encoder, and five buffer storage registers. The MP7683 op- 
erates over a wide, full-scale input voltage range from 4.0 volts 
up to 6.5 volts, full-scale. 


The overflow bit makes it possible to achieve 9-bit resolution 
by connecting two MP7689’s in series. See Figure 3. 


Specified for operation over the commercial / industrial (-40 
to +85°C) and military (-55 to +125°C) temperature ranges, the 
MP7683 is available in Plastic (PDIP) and Ceramic (CDIP) dual- 
in-line, Shrunk Small Outline (SSOP) and Surface Mount 
(SOIC) packages. 
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ORDERING INFORMATION 
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Plastic Dip —40 to +85°C MP7683JN +1 1/4 11/4 
Plastic Dip —40 to +85°C MP7683KN +3/4 


SOIC —40 to +85 C MP7683JS 
SOIC —40 to +85 MP7683KS 


0) 

"C6 
SSOP —40 to +85°C 

“CG 


MP7683JQ 


SSOP -40 to +85 MP7683KQ 43/4 
-55 to+125°C | _MP7683SD* 
-55 to +125°C | _MP7683TD" 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 


OE2 


PHASE 
CLK 
DVpp 
AVop 
VREF(+) 
VREF( 


-) 
R1 
R2 
R3 
R4 


VIN 


24 Pin CDIP, PDIP (0.600”) 


D24, N24 


PIN OUT DEFINITIONS 


Output Enable Control 2 
Sampling Clock Phase Control 
Clock Input 

Power Supply 

Power Supply for Analog Circuit 
Reference Voltage (+) Input 
Reference Voltage (—) Input 
1/16th Point of Ladder R Matrix 
5/16th Point of Ladder R Matrix 
9/16th Point of Ladder R Matrix 
13/16th Point of Ladder R Matrix 
Analog Input 


OE2 
PHASE 
CLK 
DVpp 
AVpp 
VREF(+) 
VREF(-) 
R1 
R2 


R3 
R4 


VIN 


Oo ON DOA FWD = 


24 Pin SOIC (EIAu, 0.335”) - R24 


24 Pin SSOP - A24 


Analog Ground 

Digital Ground 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 

Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 

Data Output Bit 6 

Data Output Bit 7 (MSB) 


Digital Output Overflow 
Output Enable Control 1 


72 EXAR MP7683 
MT 


ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 3 MHz (50% Duty Cycle), 
VReF(+) = 4-1, VReF(-) = AGND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate For specified accuracy 


ACCURACY (J, S Grades)! 
Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 


(Max INL — Min INL) /2 


ACCURACY (K, T Grades)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 


REFERENCE VOLTAGES 


Positive Ref. Voltage 4.1 AVpp 2 AVpp 

Negative Ref. Voltage AGND 

Differential Ref. Voltage? AVpp-AGND 4.1 AVpp-AGND For specified accuracy 
Ladder Resistance 1500 300 1950 

Ladder Temp. Coefficient? 2000 


ANALOG INPUT 


Input Voltage Range 

Input Impedance? 

Input Capacitance‘ 
Aperture Delay? 

Aperture Uncertainty (Jitter)? 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® Vin = DGND to DVpp 
CLK 
Input Capacitance@ 
Clock Timing (See Figure 1.) 
Clock Period 
“High” Time 
“Low” Time 
Duty Cycle 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


_ Tmin to Tmax 
Parameter Symbol Min Max Test Conditions/Comments 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage ILoAD = —-1.0 mA 
Logical “O” Voltage ; ILOAD = 2.0 mA 
Tristate Leakage + + VouT=DGND to DVpp 
Data Valid Delay? (See Figure 1.) 


Data Enable Delay? (See Figure 2.) 
Data Tristate Delay? (See Figure 2.) 
Output Capacitance? 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


pOTES 

Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (Vpgefr/256) is the DNL error. The INL error is the maximum distance (in LSB) from the best fit line to any transition 
voltage. Accuracy is a function of the sampling rate (Fs). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

See Vix input equivalent circuit (Figure 4). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to DVpp and DGND. 

DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply loop. 


oOah WN 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)!: 2: 3 


Von (ND) scovewdexcecaanekriasneeeresedoss +6.5V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vrer(+) & VREF(-) -+- 2+ e ee eee GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

VIN sane eee snes eeeneneeewees GND -0.5 to Vpp +0.5 V CDIP: PDIP, SOIG ..ccunesivaveveaveuvecs: 1000mWw 
Digital MPULS ..o aie kscsndvsda den GND -0.5 to Vpp +0.5 V Derates above 75°C ...........c eee eeee 14mW/°C 
Digital CUIGSUIS <...0¢seceedaans GND —0.5 to Vpp +0.5 V BO” 6c nieeteeceenas Sisueenucnwewes vanes 750mW 
Storage Temperature ................. —65°C to +150°C Deraies ABOVE 7° ones caunceseeeonne cas 10mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 


Fv 20 ff ff 7 fF TOM 


3-58 


fe EXAR 
rs EER 


DEVICE OPERATION 


Figure 1. shows the timing diagram of the MP7683 8-bit Flash 
Converter. A reference voltage is applied between the Vreri.) 
and Vrer-) which drives 256 resistors and switches with 4 volt- 
age taps. These taps drive the inverting inputs of comparators. 
There are four control lines: Clock, OE1 , OE2, andPhase. The 
phase line determines the polarity of the clock. 


Figure 2. shows waveforms with the phase line high and low. 
With O = 1, the “sample” occurs during the high period of the 
clock cycle and the “auto-balance’” occurs during the low period 
of the clock. The “sample” is queued and pipelined through a 
series of registers and latches. It appears at the output after 2 
clock periods and time delay (Td). After the sample is acquired 


Kn me 1 


the data is valid for every clock perio 


MP7683 


. The 
ently disable DBO through DB7 when itis ina high state. CE2 will 
independently disable DBO through DB7 and the OFW buffers 
when it is in alow state. The Truth Table (Table 1.) summarizes 
this effect. 


0 1 Valid Valid 
1 1 
X 0 


Tri-State Valid 
Table 1. Truth Table 


Tri-State Tri-State 


Hie =0 : Sample 1 Sample 2 Sample 3 Sample 4 
Ie Ts > > tor 
DB7-DBO 
OFW cc. ... c...__—isi«—i‘(ité 3] Data Valid Sample 1 Data Valid Sample 2 
=4 1 
— 0 Sample 1 Sample 2 Sample 3 Sample 4 
>| ic to 
eae cc... » Data Valid Sample 1 Data Valid Sample 2 
Figure 1. Timing Diagram 
OEF1 
OE2 < tois 
(26 ns typ) 
ten 
HIGH 
5 DATA DATA DATA 
= <a IMPEDANCE < 
pole sien IMPEDANCE a ai 


Figure 2. Output Enable and Disable Timing Diagram 


Rev. 2.00 4 4 


TOM’ 


Analog ¢ 
Input 


Figure 4. MP7683 Typical Connections 
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APPLICATION NOTES: 


The following information will be useful in maximizing the per- 
formance of the MP7683. 


1. This device may be susceptible to latch-up. All signals must 
not exceed AVpp or AGND, or DVpp or DGND at any time. 
Digital Supply (DVpp & AVpp) must be applied before all 
other signals to avoid a latch-up condition. 


2. The design of a PC layout and assembly will seriously affect 


the accuracy of the MP7683. Use of wire wrap is not recom- 
mended. 


3. The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 

4. The analog input should be driven with a buffer op amp (Zoyt 
< 50 Q). 

5. The use of a large shield plane is highly recommended, con- 
nected only at one point and connected to virtual ground. 
The ground plane should act as a shield for parasitics and 
not a return path for signals. To reduce noise levels, use 
separate low impedance ground paths. 


MP7683 


6. The power supplies and reference voltages should be 
decoupled with ceramic (0.01 to 0.1F) and tantalum (1 OUF) 
capacitors as close to the device as possible. 


7. The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 


o1 d2 o1 d2 
Ie No Max ye SUs->y 
| | | 


max 


a. When at 50% Duty Cycle, the minimum clock rate is 100 


kHz. 
b. When at non-50% Duty Cycle, the minimum clock rate 
may be DC as long as 2 is kept to less than 5 us. 
8. To avoid a possible latch-up condition, power should be ap- 
plied before any input signal is connected. 


1/2 [ VRer(y) + VREF(-) ] 


Figure 5. Analog Input Equivalent Circuit 
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PERFORMANCE CHARACTERISTICS 
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Graph 2. DNL vs. Sampling Frequency 


Graph 1. Supply Current vs. 
Sampling Frequency 
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Graph 4. DNL vs. Reference Voltage 


Graph 3. INL vs. Sampling Frequency 
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Graph 6. Supply Current 


Graph 5. INL vs. Reference Voltage 


vs. Temperature 
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Graph 7. Reference Resistance 
vs. Temperature 
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Graph 9. INL vs. Temperature 
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Graph 11. Data Hold Time vs. 
Supply Voltage 


Y Rev.20 fF fF fF fF Ff 


M P7683 | 


HEE TTT vases 

FREE HE ETFEHHET HHT Hc 

Risen neeeeeeete 
“vs = 


REO TTT 
eg 
Pea CTT 


tt | jt} 
By 
55 -40 -25 -10 5 


20 35 50 65 80 95 110 125 
Temperature(C) 


Graph 8. DNL vs. Temperature 
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Graph 10. Output Delay 
vs. Supply Voltage 


Graph 12. Aperture Delay vs. 
Supply Voltage 
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Tristate Delay(ns) 
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Graph 13. Tristate Enable Delay Graph 14. DNL Error Plot 
vs. Supply Voltage 
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Graph 15. INL Error Plot 
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MP7684 


CMOS 
8-Bit High Speed 
Analog-to-Digital Converter 


FEATURES 


e Sampling Rates from 0.001 to 15 MHz (MSPS) 
e 1/2 LSB (K Grade) DNL to 6 MHz 


e Interface to any Input Range between GND and Vpp 


e Monotonic; No Missing Codes 
e Single Power Supply (4 to 6 volt) 
e Low Power CMOS (300 mW) 

e 2000 Volts ESD Protection 

e Latch-Up Free 


BENEFITS 


e Low Power for Lower System Noise 

e Most Flexible Input Range of any A/D Available 
e No Sample/Hold Needed 

e Use MP7684A for New Designs 


GENERAL DESCRIPTION 


The MP7684 is an 8-bit monolithic CMOS single step high 
speed Analog-to-Digital Converter designed for precision 
applications in video and data acquisition requiring conversion 
rates to 10 MHz with differential linearity error less than 1/2 LSB 
and low power consumption. A unique feature of this converter 
is its input architecture which eliminates the need for an input 
track and hold and allows full scale input ranges from 1.2 to 5 
volts peak-to-peak, referred to ground or offset. The user simply 


sets Vrer_) and Vreri4) to encompass the desired input range. 


The MP7684 includes 256 clocked comparators, encoders, 
3-state output buffers, a reference resistor ladder and 
associated timing circuitry. An overflow bit (or flag) has been 
provided to make it possible to achieve 9-bit resolution by 
connecting two devices in parallel. In normal operation this flag 
has no effect on the data bits. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 
| Plastic Dip | —40t0+85°C | mpresan | 4112 | 2 
| Plastic Dip_| -40to+85°C | pveeaxn | +1 | 12 


°C 
bs & +4 
SOIC -4010+85°C | MmP7684JS 4112 | 2 | 
SOIC 40 to +85°C MP7684KS at 
°6 +4 
°6 


aa 
; 
[ceramic ip | ~#010788°0 | mprecaxo | 1 


*Contact factory for availability 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


CLK VIN ie 
DB7 VREF(-) 2 
DB6 AVop : 
DBS5 AGND ; 
DB4 AGND : 
1/4R AVop : 
DVpp 1/2R 7 
DGND AVpop 8 
3/4 R AGND ‘ 
DB3 AGND 
DB2 Wor 
DBt VREF(#) 
DBO OE1 
OFW OE2 
28 Pin PDIP, CDIP (0.600”) 28 Pin SOIC (EIAd, 0.335”) 
N28, D28 R28 
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PIN OUT DEFINITIONS 


LPINNO.| NAME DESCRIPTION 


Clock Input Pin 

Data Output Bit 7 (MSB) 
Data Output Bit 6 

Data Output Bit 5 


—_ 


Data Output Bit 4 

1/4 of Resistance Ladder 
Power Supply of Digital Circuit 
Digital Ground 


oO OA NO oa fF W PD 


3/4 of Resistance Ladder 


cml, 
io) 


Data Output Bit 3 


4 
— 


Data Output Bit 2 


oh, 
ine) 


Data Output Bit 1 
Data Output Bit 0 (LSB) 


=i, jaa 
- Ww 


Digital Output Overflow Pin 


—e 
oO 


Output Enable Control Pin 


— 
(ep) 


Output Enable Control Pin 


an; 
N 


Positive Reference Voltage Pin 


— 
co 


Power Supply of Analog Circuit 


= 
i<o) 


Analog Circuit Ground 


ye) 
oO 


Analog Circuit Ground 


ine) 
er 


Power Supply of Analog Circuit 


Center of Resistance Ladder 


mo WM 
oO Nn 


Power Supply of Analog Circuit 


ine) 
£ 


Analog Ground 


ie) 
on 


Analog Ground 


NO 
o>) 


Power Supply of Analog Circuit 


ine) 
“SJ 


Negative Reference Voltage Pin 


ine) 
© 


Analog Input 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 10 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance), 


VREF(+) = 


+4.1 V, VREF(-) = AGND, Ta = 25°C 


aa ee | to Tmax 
Parameter Symbol ee | Max Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (J, S Grades)! 


Differential Non-Linearity 
Integral Non-Linearity 
(Relative Accuracy) 
Zero Scale Error 

Full Scale Error 


ACCURACY (K, T Grades)! 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


DYNAMIC ACCURACY? 
Differential Non-Linearity 
REFERENCE VOLTAGES 


Positive Ref. Voltage? 
Negative Ref. Voltage 
Ladder Resistance 
Ladder Temp. Coefficient? 


ANALOG INPUT2 


Input Voltage Range 

Input Capacitance Sample4 
Input Impedance 

Aperture Delay 

Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® 
CLK 
OET’ 
OE2° 
Input Capacitance? 
Clock Timing (See Figure 1.) 
Duty Cycle 


For Specified Accuracy 


Best Fit Line 
(Max INL — Min INL) / 2 


Histogram Test 


Fin = 390 kHz 


VREF(+) 


Vin=DGND to DVpp 


TOM 
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25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max | Units Conditions 


DIGITAL OUTPUTS Caw ib eF 


lloAD = —-1.0 mA 
ILOAD = 2.0 mA 


Logical “1” Voltage 
Logical “O” Voltage 
Off Current 
Output Capacitance? 

3-state Leakage 

Data Hold Time (See Figure 1.)@ 
Data Valid Delay? 

Data Enable Delay 

Data 3-state Delay? 


VouT=DGND to DVpp 


POWER SUPPLIES? 
(Tmin to Tmax) 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOTES 
1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VreF/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line 

to any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 


2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 See Vjxq input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

5 All inputs have diodes to DVpp and DGND. Input OE7 has internal pull down. Input OE2 has internal pull up. Input DC currents will 
not exceed specified limits for any input voltage between DGND and DVpp. 

6 Internal resistor to DVpp biases unconnected input to active high logical level. 

7 Internal resistor to GND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

9 DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2: 3 


Wop tO CNL 2vns5-4 90508694 SR NRRERCEVE ESR ORR MLO +7V Storage Temperature ................... —65 to +150°C 
Varri & Veer. swede cvesn es GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
VIN ee eee er ee eee GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating 6 75°G 

AUIS «cocccccctauwanw nese GND —0.5 to Vpp +0.5 V COIF, PDIP, SOI, LG cavciswcewesaewenws 1050mW 
AU OWIBUIS -..565siczewananans GND -0.5 to Vpp +0.5 V Derates above 75°C .............. 000008. 14mW/°C 
NOTES: 


(1) Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2) Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

(3) Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP7684 Timing Diagram Figure 2. Output Enable/Disable Timing Diagram 
Output 
DNL| 7‘LSB Codes Best Fit Line 
V(N#1) , 
Real Transfer Line 
Analog 6 
Input 
Vn) 5 
Output N+ 4 
Codes N 
N—1 3 Ideal Transfer Line 
(N) Code Width = V(n41) — Vin) 2 
LSB = [ Vrer+) - VRer( ] / 256 
{ 
DNLvwy = [ V(n+1) — Vin) ] - LSB y, 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
AVpp 
Clock 
10 Q_ low High 


VIN "| 
+ 
|” pF T 30 pF T V2 Vier 


AGND 


Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7684 converts analog voltages into 256 digital codes 
by encoding the outputs of 255 comparators. A 256th compa- 
rator is used to generate the overflow bit. The conversion is syn- 
chronous with the clock and it is accomplished in 1.5 clock peri- 
ods. Data is transferred from the comparator latches to the out- 
put registers each clock period and at the same time the input is 
sampled. 


The clock signal generates the two internal phases, dp (CLK 
high = balance) and sg (CLK low = sample). dg connects the 
comparators to the reference tap points. ds connects the com- 
parators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Apep = 256 * FR Vaee= VREF(+) _ VREF(-) =256 * LSB 
ne ae a 
on | 4°s | 
' | OF | 
wot OS 
VTAP | | 
Ref A | | 
ladder y= | __COMPARATOR 


Figure 6. MP7684 Comparator 


The MP7684 comparators use the balance phase (dg) to 
charge one plate of the capacitors to the reference ladder tap 
point (Vrap) and the other to the inverter/comparator trigger 
point. During the sample phase (0s) one plate of the capacitors 
switches to VIN. The change in voltage (Vij — Vrap) transfers 
across the capacitor and forces the inverter into one of the two 
possible logic states. A latch (connected to the comparator dur- 
ing 0s) restores and propagates the digital level to the encode 
logic. 

The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when @s disconnects the latch from the com- 
parator. This delay is called aperture delay (tap). 


The aperture delay is not constant but changes from one cy- 
cle to the next. Internal thermal noise, power supply noise and 
slow input clock edges are major contributors to this variation. 
The aperture jitter (ta) is the variation of the aperture delay dis- 
tribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
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LSB. That is if (dv/dt) * tay = Vaer/256, an internal error of 1 LSB 
results. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 


0.5 * LSB 0.5 * LSB 


OFW| = 1 


Vrer(-) VO01 V02 VEE Ver 


Vorw VREF(+) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (VOFW) takes place at: 

Vin = Vorw = VRer(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 

Vin = VO1 = Vrer(-) + 0.5 * LSB 

Vin = Ver = Vrer(-) — 1.5 * LSB 

LSB = (VReF(4) — VREF(-) / 256 = (Ver — VO1) / 254 

Note that the overflow transition is a flag and has no impact on 
the data bits. 


DIGITAL 
CODES 
0.5 * LSB 


1,5 * LSB 


Vrer(-) VO1 V02 
Figure 8. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions do not fall 
exactly every ( VREF(+) a VREF(-) ) / 256 volts. 


A positive DNL (Differential Non Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5LSB means that all codes are within 0.5 and 1.5 

So Soe 
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LSB. If Var = 4.096 V then 1 LSB = 16mV and every code _ 


width is within 8 and 24 mV. 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = VO2 — VO1 —LSB 


DNL (FE) = Ver — Vee — LSB 
EFS (full scale error) = Ver — [VREF(+) —1.5 * LSB] 


EZS (zero scale error) = Vo; — [VReF_) + 0.5 * LSB] 
Figure 4. shows the zero scale and full scale error terms. 


Systems that adjust the Vref voltages to correct for EFS and 
EZS only increase the accuracy at the two extreme points. In the 
MP7684, such adjustments have little impact at frequencies 
lower than 10 MHz. Refer to the characterization data for tem- 
perature and frequency dependence. 

Figure 4. gives a visual definition of the INL error. The chart 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the Best 
Fit Line makes equal the positive and the negative INL errors. 
This may change an INL of —1 to +2 LSB’s relative to the Ideal 
Line into a +1.5 relative to the Best Fit Line. 


SAMPLE 
CLOCK BAL} N 


DATA 


a. Two positive clock pulses 


CLOCK | N | | | BALANCE 
a Ca a ae 


b. Two negative clock pulses 


DATA 


CLOCK N N+1 N+2 


DATA 


c. Continuous clock 


Figure 9. Relationship of Data to Clock 
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Clock Timing 


Asystem will clock the MP7684 continuously (Figure 9a.) or it 
will give clock pulses intermittently when a conversion is de- 
sired. The timing of Figure 9b. keeps the MP7684 comparators 
in balance and ready to sample the analog input. This mode 
draws the most current from Vpp. The timing of Figure 9c. 
leaves the comparator inputs floating (and AC coupled to the Vin, 
input) and a balance phase is needed before a valid sampling 
phase. In this mode, Ipp varies because of the floating compa- 
rator inputs. 


Analog Input 


The MP7684 has very flexible input range characteristics. 
The user sets Vreri4) and Vrer_y to fixed voltages and then 
varies the input DC and AC levels to match the Vper range. 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7684’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. These have 
an impact above 5 MHz and they are very important above 10 
MHz. Use of Current Feedback Amplifiers is an easy and cost 
effective way to maximize performance. 


Reference Voltages 


If the input bandwidth is limited to the Nyquist region (Fiy < 
Fs/2) then the two reference voltages can be set at any two val- 
ues between the supplies. Vref (their difference) can be re- 
duced down to 1.5 volts with minor change in accuracy. _If the 


input bandwidth exceeds Fs/2, then it is recommended that 


VREF be lower than Vpp/2. 


At Vref = 1.5 V, the LSB is reduced to 6mV. Further reduc- 
tions show an increased error in terms of LSB (which is getting 
smaller) even if the error in terms of mV remains constant. 


The input/output relationship as a function of Vper: 


Ain = (Vin — VREF(-)) 
DATA = 256 * (Ain/VREF) 
a) Gain adjustment. A system can increase total gain by 
reducing Vrer. 


b) Increasing dynamic range. Asystem can increase dy- 
namic range by using DAC’s to control Vref and by “focus- 
ing” on input ranges of interest. In digitizing “static” informa- 
tion (an image in ascanner), a first digitization would point to 
the input range in which most of the output codes fall. The 
system then would adjust the DACs to generate Vr_er(,) and 
Vrer(-) to include just the range of interest for the second 


and final pass. 
TOM 
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c) Subranging; increasing resolution. Where practical, 
multiple passes at different Var¢r¢ ranges can increase reso- 
lution without changing hardware. A system needs to make 
four passes to increase the resolution to 10 bits. The merg- 
ing of the data from the four passes can create DNL errors at 
the borders of the ranges. One solution is to “overlap” the 
ranges and to use software methods to properly merge the 
ranges. 


Digital Interfaces 


The logic encodes the 255 bits into a binary code and latches 
the dataina D-type flip-flop for output. The inputs OE1 and OE2 
control the output buffers in an asynchronous mode. 


_—EL_|_oes _/__orw 1 er peo DB7 — DBO 


Table 1. Output Enable Logic 


If another DFF is to follow the ADC, it is recommended that 
the system latches the data at the negative going edge of the 
clock. This will work at any frequency. If the system must latch 
with the positive going edge, then care must be taken to avoid 
the overlay of the clock edge with the changing outputs. 


Rev.2.00 


If alatch follows the ADC, the positive half of the clock usedas 
enable signal guarantees stable output at the end of the enable 
pulse. 


Figure 10. MP7684 Functional Equivalent 
Circuit and Interface Timing 
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APPLICATION NOTES 


DIGITAL 
App = OV/pp L GROUND 
@ s 
DGND 
+V C; == Cp| (Note 7)| Cy== C 
° Lae be e-ee CL ANALOG 
C.C = na = ~ GROUND 
1,2 oA Msc = 
It OFW AGND 
(o} —— Vin (Substrate) 
= bs7-pB0 5, 
7 Digital 
R C1,C g 
© im a __ System 
VO OE1 
= OE2 
1k ok MP7684 
*s Ostet 0) C,=0.1pF 
* 
> Ri Cp = 10L1F 
20kQ C2 R; = Line Termination Resistor 
eS oe 
Tor [ee Ci 


Figure 11. Typical 


. All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


. Thedesign of a PC board will affect the accuracy of MP7684. 
Use of wire wrap is not recommended. 


The analog input signal (Vj) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs to minimize cross coupling and 
noise pickup. 


The analog input should be driven by a buffer op amp with as 
low output impedance as possible. The impedance should 
be less than 50Q for clock frequencies above 10 MHz. 


F200 ff 7 f 


Circuit Connections 


6. Analog and digital ground planes should be substantial and 
common atone point only. The ground plane should act as a 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. 


DV pp should not be shared with other digital circuitry. DVpp 
for the MP7684 should be connected to AVpp next to the 
MP7684. 


DVpp and AVpp are connected inside the MP7684 through 
the N—doped silicon substrate. DC voltage differences be- 
tween DVpp and AVpp will cause undesirable internal cur- 
rents. 


The power supplies and reference voltages should be 
decoupled with a ceramic (0.1u.F) and a tantalum (10uUF) ca- 
pacitor as close to the device as possible. 


10. The digital output should not drive long wires. The capaci- 
tive coupling and reflection will contribute noise to the con- 


version. When driving distant loads, buffers should be used. 
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INPUT CURRENT vs. INPUT VOLTAGE INPUT CURRENT vs. SAMPLE RATE 
CONDITIONS: Vin =Vaer = Voo; T=25°C 


CONDITIONS: Veer = Voo ; F s= 10MHz; T= 25°C 


Voo=7 V Vop=7V 


wee Vop=5 V ame Vop=5V 
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FULL SCALE INPUT VS. INPUT FREQUENCY 
AS A FUNCTION OF SAMPLING RATE 


POWER CONSUMPTION 
VS. SAMPLING RATE 
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REFERENCE VOLTAGE LINEARITY VS. TEMPERATURE 
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FEATURES 


e Sampling Rates from 0.001 to 20 MHz (MSPS) 

e 1/4 LSB DNL from 0.001 to 10 MHz 

e 1/2 LSB DNL to 14 MHz 

e Interface to any Input Range between GND and Vpp 
e Pin Compatible Upgrade of MP7684 

e Monotonic; No Missing Codes 

e Single Power Supply (4 to 6 volt) 


GENERAL DESCRIPTION 


The MP7684A is an 8-bit monolithic CMOS single step high 
speed Analog-to-Digital Converter designed for precision appli- 
cations in video and data acquisition requiring conversion rates 
to 14 MHz with differential linearity error less than 1/2 LSB and 
low power consumption. A unique feature of this converter is its 
input architecture which eliminates the need for an input track 
and hold and allows full scale input ranges from 1.2 to 5 volts 
peak-to-peak, referred to ground or offset. The user simply sets 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 


1/2 R 


Encoder 


Ladder 


CLK 


MP7684A 


CMOS 
8-Bit High Speed 
Analog-to-Digital Converter 
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e Low Power CMOS (300 mW) 
e ESD Protection: 4000 Volts Minimum 
e Latch-Up Free 


BENEFITS 


e Low Power for Lower System Noise 
e Most Flexible Input Range of any A/D Available 
e No Sample/Hold Needed 


VrReF(-) 2nd Vref) to encompass the desired input range. 


The MP7684A includes 256 clocked comparators, encoders, 
3-state output buffers, a reference resistor ladder and 
associated timing circuitry. An overflow bit (or flag) has been 
provided to make it possible to achieve 9-bit resolution by 
connecting two devices in parallel. In normal operation this flag 
has no effect on the data bits. 


O OF2 
O OFW 
O DB7-DBO 
Os OB 
cLKI_N 


DB7-DBol N 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 
1 


Plastic Dip —40 to +85°C + 
Plastic Dip —40 to +85°C 
C 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


CLK 


VIN CLK te Vin 
mise VREF(-) DB7 2 VREF() 
DB6 AVop — : Von 
DBS shined DBS 4 AGND 
DB4 AGND DB4 5 AGND 

1/4R AVop Progen : AVoo 
DVpp 1/2R DVpp 7 1/2R 
3/4 R : AGND 
oe AGIND DB3 AGND 
vee AVpp DB2 AVpp 
wal VREF(+) DBI Wore 
DBO OE1 DBO CE 
OFW OE2 2 
OFW OE2 
28 Pin PDIP, CDIP (0.600’’) 28 Pin SOIC (EIAd, 0.335”) 
N28, D28 R28 
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PIN OUT DEFINITIONS 


Clock Input Pin 


Output Data Bit 7 (MSB) 
Output Data Bit 6 

Output Data Bit 5 

Output Data Bit 4 

1/4 Point of Resistance Ladder 
Power Supply of Digital Circuit 
Digital Ground 


3/4 Point of Resistance Ladder 


Output Data Bit 3 

Output Data Bit 2 

Output Data Bit 1 

Output Data Bit 0 (LSB) 

Digital Output Overflow 

Output Enable Control 2 
Output Enable Control 1 
Positive Reference Voltage Pin 
Power Supply of Analog Circuit 
Analog Circuit Ground 

Analog Circuit Ground 

Power Supply of Analog Circuit 
Center of Resistance Ladder 
Power Supply of Analog Circuit 
Analog Ground 

Analog Ground 


Power Supply of Analog Circuit 


Negative Reference Voltage Pin 


Analog Input 


VF in20 ff ff 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 14 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance), 
VReEF(+) = 4-1 V, VReF(-) = AGND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 
For Specified Accuracy 


Resolution (All Grades) 
Sampling Rate 


ACCURACY (J Grade) 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 
(Max INL — Min INL)/2 


Best Fit Line 
Best Fit Line 


Best Fit Line 


Zero Scale Error 
Full Scale Error 


ACCURACY (K Grade) 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


ACCURACY (S Grade) 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


ACCURACY (T Grade) 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) AVpp AVpp 


Negative Ref. Voltage VREF(-) AGND 
Differential Ref. Voltage? VREF 1.6 AVpp-AGND 1.0 AVpp-AGND 
Ladder Resistance Ry 220 300 130 330 


Res. Temp. Coefficient@ Rtco 


(Tmin to Tmax) 


3000 


ANALOG INPUT 


Input Voltage Range! VrerF(-) VREF(+) 
Input Capacitance* 
Aperture Delay 


Aperture Uncertainty (Jitter)? 


MP7684A 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max Conditions 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® Vin=DGND to DVpp 
CLK 
OE26 
OET’ 
Input Capacitance 
Clock Timing (See Figure 9.) 
Clock Period? 
Rise & Fall Time® 
“High” Time (Auto-balance) No max limit 
“Low” Time (Sampling) 500,000 


DIGITAL OUTPUTS (See Fig. 1 & 2) 
CouT=50 pF 


Logical “1” Voltage lLoap =4 mA 

Logical “0” Voltage lLloap = 4 MA 

3-state Leakage VoutT=DGND to DVpp 
Data Hold Time? 

Data Valid Delay? 

Data Enable Delay? 

Data 3-state Delay? 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS2 RMS/RMS Meas. 


Signal Noise Ratio'® Fs = 3X NTSC 
Fs = 4X NTSC 


Differential Gain Error Fs = 3X NTSC 
Differential Phase Error 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VreF/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSB’s) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 

2 Guaranteed; Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 See Vin input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

5 All inputs have diodes to DVpp and DGND. Input OE7 has internal pull down. Input OE2 has internal pull up. Input DC currents will 
not exceed specified limits for any input voltage between DGND and DVpp. 

6 Internal resistor to DVpp biases unconnected input to active high logical level. 

7 Internal resistor to DGND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

9 DVpp and AVpp are connected through the silicon substrate. DC voltages differences will cause undesirable internal currents. 

{ SNR: Ratio of fundamental over noise. 


lo) 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2: 3 


Wit PLE bw seven hs hive ndhndedauseowevucuees +7V Storage Temperature ................... —65 to +150°C 
Veer) & VAR c« ceo snes eens GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vil caweGauaa ade hdseoisas Rees GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PUWNOINE toss asada n were ewxewes GND -0.5 to Vpp +0.5 V COP POP, SONG, LCC ia cesteuavaceiawwas 1050mW 
POUR cocntcccndece xan ens GND -0.5 to Vpp +0.5 V Derates above 75°C ...............000008 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

é Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Codes N 
N—1 3 Ideal Transfer Line 
(N) Code Width = Vinit) — Vin) 2 
LSB = [ VREF(+) = Veer )] / 256 
{ 
DNL) = [ V(n+1) — Vin) ] - LSB y, 
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Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7684A converts analog voltages into 256 digital 
codes by encoding the outputs of 255 comparators. A 256th 
comparator is used to generate the overflow bit. The conversion 
is synchronous with the clock and is accomplished in 1.5 clock 
periods. Data is transferred from the comparator latches to the 
output registers each clock period at the same time the input is 
sampled. 


The clock signal generates the two internal phases, dB (CLK 
high = balance) and oS (CLK low = sample). 6B connects the 
comparators to the reference tap points. 0S connects the com- 
parators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 256 *R Vrer = VRer(s) — VREF(-) = 296 * LSB 
ee “7T 
| 4s | 
: | Os | 
VIN Gas. | : | 
VTAP | | 
| 
Ref | 
Ladder 0, ii Lich 


Figure 6. MP7684A Comparator 


The MP7684A comparators use the balance phase (gp) to 
charge one plate of the capacitors to the reference ladder tap 
point (Vtap) and the other to the inverter/comparator trigger 
point. During the sample phase (ds) one plate of the capacitors 
switches to Vij. The change in voltage (Vij — Vtap) transfers 
across the capacitor and forces the inverter into one of the two 
possible logic states. A latch (connected to the comparator dur- 
ing ds) restores and propogates the digital level to the encode 
logic. 


The rising edge of the CLK input marks the end of the sam- | 


pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when ds disconnects the latch from the com- 
parator. This delay is called aperture delay (tap). 


The aperture delay is not constant but changes from one cy- 
cle to the next. Internal thermal noise, power supply noise and 
slow input clock edges are major contributors to this variation. 
The aperture jitter (taj) is the variation of the aperture delay dis- 
tribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
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LSB. Thatis, if (dv/dt) * tay = VreF/256, an internal error of 1 LSB 
of error results. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 


0.5 * LSB 0.5 * LSB 


Vrer(-) VO01 V02 VFE Ver 


Vorw VREF(4) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (Vorw) takes place at: 

Vin = Vorw = VReF(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vrer = ( VRer(+) — VREF(-) ) 

Vin = VO1 = VREF(-) + 0.5 * LSB 

Vin= Ver = VREF(+) —-1.5+*LSB 

LSB = Vrer / 256 = (Ver — V01) / 254 


Note that the overflow transition is a flag and has no impact on 
the data bits. 


DIGITAL 
CODES 
0.5 * LSB 


1.5 * LSB 


Vrer(-) VO1 V02 VFE Ver -VREF(4) 


Figure 8. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions do not fall 
exactly every Vref/256 volts. 


A positive DNL (Differential Non Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are between the stated value. A specification of 
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Max DNL =+0.5LSB means that all codes are within 0.5 and 
1.5LSB. If Vaer = 4.096 V then 1 LSB = 16mV and every code 
width is between 8 and 24 mV. 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = VO2 — VO1 — LSB 


DNL (FE) = Ver — Veg — LSB 
EFS (full scale error) = Ver —[VRer(4) -1.5 * LSB] 
EZS (zero scale error) = Vo; —[VReF_) + 0.5 * LSB] 


Figure 4. shows the zero scale and full scale error terms. 


Systems that adjust the Vper voltages to correct for EFS and 
EZS only increase the accuracy at the two extreme points. In the 
MP7684A, such adjustments have little impact at frequencies 
lower than 10 MHz. Refer to the characterization data for tem- 
perature and frequency dependence. 


Figure 4. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the Best 
Fit Line makes equal the positive and the negative INL errors. 
This may change an INL of —1 to +2 LSB’s relative to the Ideal 
Line into a +1.5 relative to the Best Fit Line. 


SAMPLE 
CLOCK BAL] N 


a. Two positive clock pulses 


CLOCK | N | | | BALANCE 
DATA x x N 


b. Two negative clock pulses 


CLOCK N N+1 N+2 


DATA 


c. Continuous clock 


Figure 9. Relationship of Data to Clock 
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Clock Timing 


A system will clock the MP7684A continuously (Figure 9a.) or 
it will give clock pulses intermittently when a conversion is de- 
sired. The timing of Figure 9b. keeps the MP7684A comparators 
in balance and ready to sample the analog input. This mode 
draws the most current from Vpp. The timing of Figure 9c. 
leaves the comparator inputs floating (and AC coupled to the Vj, 
input) and a balance phase is needed before a valid sampling 
phase. In this mode, Ipp varies because of the floating compa- 
rator inputs. 


Analog Input 


The MP7684A has very flexible input range characteristics. 
The user sets Vaer(4) and Vrer_y to two fixed voltages and then 
varies the input DC and AC levels to match the Vper range. 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7684’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. These have 
an impact above 5 MHz and they are very important above 10 
MHz. Use of Current Feedback Amplifiers is an easy and cost 
effective way to maximize performance. 


Reference Voltages 


If the input bandwidth is limited to the Nyquist region (Fiy < 
Fs/2) then the two reference voltages can be set at any two val- 
ues between the supplies. Vref (their difference) can be re- 
duced down to 1.5 volts with minor change in accuracy. If the 


input bandwidth exceeds Fs/2, then it is recommended that 
VREF be lower than Vpp/2. 

At Vref = 1.5 V, the LSB is reduced to 6mV. Further reduc- 
tions show an increased error in terms of LSB (which is getting 
smaller) even if the error in terms of mV remains constant. 


The input/output relationship as a function of Vper: 


Ain = Vin — VReF(-) 
DATA = 256 * (Ajn/VereF) 
a) Gain adjustment. A system can increase total gain by 
reducing Vrer. 


b) Increasing dynamic range. Asystem can increase dy- 
namic range by using DACs to control Vref and by “focus- 
ing” on input ranges of interest. In digitizing “static” informa- 
tion (animageinascanner), the first digitization would point 
to the input range in which most of the output codes fall. The 
system then would adjust the DACs to generate Vrer,) and 
Vrer-) to include just the range of interest for the second 


and final pass. 
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c) Subranging; increasing resolution. Where practical, If alatch follows the ADC, the positive half of the clock usedas 
multiple passes at different Vaer ranges can increase reso- enable signal guarantees stable output at the end of the enable 
lution without changing hardware. A system needs to make pulse. 

four passes to increase the resolution to 10 bits. The merg- 
ing of the data from the four passes can create DNL errors at 
the borders of the ranges. One solution is to “overlap” the 
ranges and to use software methods to properly merge the 
ranges. 


DB7—DBO 


Digital Interfaces 


The logic encodes the 255 bits into a binary code and latches 
the data in a D-type flip-flop for output. The inputs OE1 and OE2 
control the output buffers in an asynchronous mode. 


Table 1. Output Enable Logic ; 


lf another DFF follows the ADC, it is recommended that the FRO ¢ N-2 5 NT os N 
system latches the data at the negative going edge of the clock. 
This will work at any frequency. If the system must latch with the 
positive going edge, then care must be taken to avoid the over- 
lay of the clock edge with the changing outputs. 


Figure 10. MP7684A Functional Equivalent 
Circuit and Interface Timing 
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APPLICATION NOTES 


MP7684A 


DIGITAL 
AVop = PVpp L “GROUND 
é # 
DGND 
+V 
C Co | (Note 7)| C C 
° DE 4----9° EE ANALOG 
7” = = = GROUND 
TT C1, C2 LAAAg! _ 
== OFW AGND 
(o} Vin (Substrate) 
To 
DB7-DBO Digital 
R C1,C g 
‘i. °* System 
iL. yy ~~ OET 
= OE2 
ii. Si MP7684 
age Co) C, =0.1nF 
° > Co = 10uF 
20kQ Co R; = Line Termination Resistor 
Cy 
To [& C; 


Figure 11. Typical Circuit Connections 


1. All signals should not exceed AVpp +0.5 V or AGND —0.5 V 6. 
or DVpp +0.5 V or DGND -0.5 V. 


2. Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- rf 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 8. 


3. The design of a PC board will affect the accuracy of 
MP7684A. Use of wire wrap is not recommended. 

4. Theanalog input signal (Vj) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 9, 
the clock and digital outputs to minimize cross coupling and 
noise pickup. 

5. The analog input should be driven by a buffer op amp with as 
low output impedance as possible. The impedance should 
be less than 50Q for clock frequencies above 10 MHz. 
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10. 


Analog and digital ground planes should be substantial and 
common atone point only. The ground plane should act as a 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. 


DV pp should not be shared with other digital circuitry. DVpp 
should be connected to AVpp next to the MP7684A. 


DVpp and AVpp are connected inside the MP7684A 
through the N — doped silicon substrate. DC voltage differ- 
ences between DVpp and AVpp will cause undesirable in- 
ternal currents. 


The power supplies and reference voltages should be 
decoupled with a ceramic (0.1uF) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacita- 
tive coupling and reflection will contribute noise to the con- 
version. When driving distant loads, buffers should be used. 
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PERFORMANCE CHARACTERISTICS 


- a a eS A 4 rr 
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Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 
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Graph 3. Ipp vs. Sampling Frequency 
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FEATURES 


e Sampling Rates from 0.001 to 25 MHz (MSPS) 


e Interface to any Input Range between GND and Vpp 
e Pipeline Mode (Pin Compatible Upgrade of MP7682) 


e One Shot Mode 

e Monotonic; No Missing Codes 

e Single Power Supply (4 to 6 volt) 

e Low Power CMOS (135 mW typ.) 

e ESD Protection: 4000 Volts Minimum 
e Latch-Up Free 

e 3 V Version: MP76L86 


GENERAL DESCRIPTION 


The MP7686 is a 6-bit monolithic CMOS single step high 
speed Analog-to-Digital Converter designed for precision 6-bit 
applications in video, scanning and data acquisition requiring 
conversion rates to 25 MHz. Differential Linearity error is less 
than 1/2 LSB at 20 MHz, and power consumption is 135 mW 
typical. A unique feature of this converter is its ability to do a 
complete conversion with just two clock edges (one clock 
pulse), by setting MODE low. When MODE is set high, the 
device behaves like a standard pipelined converter, requiring 3 
clock edges (two clock pulses) to complete the conversion, 
compatible with the MP7682. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Vppb 
Vin 
VREF(+) 
Encoder 
VREF(CTR) 
VREF(-) 
CLK Q 
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Analog-to-Digital Converter 


BENEFITS 


e Highest Conversion Speed at Low Power 

e Most Flexible Input Range of any A/D Available 
e No Sample/Hold Needed 

e Easy Ping-Ponging for 40 MSPS System 


Another feature of MP7686 is its unique input architecture 
which eliminates the need for an input track and hold and allows 
full scale input ranges from about 1 to 5 volts peak-to-peak, 
referred to ground or offset. The user simply sets Vaeri_) and 
VREF(+) to encompass the desired input range. 


MP7686 includes 64 auto-balanced clocked comparators, an 
encoder, 3-state output buffers, a reference resistor ladder, and 
associated timing circuitry. An overflow bit (or flag) has been 
provided to make it possible to achieve 7-bit resolution by 
connecting two devices in parallel. In normal operation, this flag 
has no effect on the data bits. 


OE2 CLK | 4 
OFW (Pipeline Mode) 
SX DON 
| | 


DB5-DBo| 
DB5-DBO 
OE1 
CLK N 
\ (One-Shot Mode) 
DB5-DBO | X N 
| 
PHASE 
MODE 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


Plastic Dip | —40to+85°C | MP7686JN +1 1/4 
Plastic Dip —40 to +85°C MP7686KN 11/4 
= 


' 
+1 1/4 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


DB5 


DB4 DB5 1@ DB4 
OFW DBS OFW 2 DB3 
GND VREF (CTR) GND - V 
REF (CTR 
MODE DB2 MODE 4 DB2 =~ 
OE2 DB1 OE2 5 DB1 
OE1 DBO OE1 é DBO 
CLK Vpp CLK 7 Vop 
PHASE Ving PHASE 8 Vin 
VREF(+) VREF(-) VREF(+) 9 VREF(-) 
18 Pin CDIP, PDIP (0.300”) 18 Pin SOIC (Jedec, 0.300”) 
D18, N18 $18 


PIN OUT DEFINITIONS 


/PINNO.| NAME _ DESCRIPTION NAME _| DESCRIPTION 


Data Output Bit 5 (MSB) VREF(-) Negative Reference Voltage Pin 
Digital Output Overflow VIN Analog Input 

Ground Vpp Power Supply 

Mode Select DBO Data Output Bit 0 (LSB) 

Output Enable Control DB1 Data Output Bit 1 

Output Enable Control DB2 Data Output Bit 2 


Clock Input VREF (CTR)| FR Ladder Mid Point 
Sampling Clock Phase Control DB3 Data Output Bit 3 


oO ON Oa F WO YP — | 


Positive Reference Voltage Pin DB4 Data Output Bit 4 


y_Rev.20 6 fF ff f ff ff Ff TC)M 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 5 V, Fs = 20 MHz (Duty Cycle: 1/3 Sample, 2/3 Balance), 
VReF(+) = 4-6, VRer-) = GND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate For specified accuracy 


ACCURACY (J, S Grades)! 


Differential Non-Linearity 

Integral Non-Linearity Best Fit Line 

(Relative Accuracy) (Max INL — Min INL) / 2 
Zero Scale Error 

Full Scale Error 


ACCURACY (K, T Grades)! 

Differential Non-Linearity + 

Integral Non-Linearity Best Fit Line 
Zero Scale Error 

Full Scale Error 

REFERENCE VOLTAGES 

Positive Ref. Voltage VREF(+) 

Negative Ref. Voltage VREF(-) 

Differential Ref. Voltage? VReEF 1.0Vpp-GND 

Ladder Resistance Ri 300 

Ladder Temp. Coefficient Rtco 3000 | ppm/°C 

ANALOG INPUT2 

Input Voltage Range V p-p 

Input Capacitance® pF 

Aperture Delay ns 

Aperture Uncertainty (Jitter) 

Clock Kickback Pulse See NO TAG 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® Vin=GND to Vpp 
CLK 
OE2 
Phase 
Mode 
OE1 
Input Capacitance? 
Clock Timing (See NO TAG) 
Clock Period 
Rise & Fall Time 
“High” Time (Auto-Balance) 33 Phase=0, Mode=1 
“Low” Time (Sampling) 500,000 33 500,000 Phase=0, Mode=1 


y Rev.200 ff ff Ff ff TOYM 
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ELECTRICAL CHARACTERISTICS TABLE CONT'D 


on Tmin to Tmax 
UT rcceecinl _eymbell Min” yp Max | min aR Max Test Conditions/Comments 


VDIGITALOUTPUTS SCS OUTPUTS 


Logical “1” Voltage Von] Vpp-0.5 é loapD =4mMA 
Logical “O” Voltage ; lLoAD = 2.0 MA 
3-state Leakage Vout = GND to Vpp 
Data Enable Delay 
Data 3-state Delay 
Pipeline Mode (See NO TAG) Phase=0, Mode=1 
Data Hold Time? 
Data Valid Delay? 
One-Shot Mode (See NO TAG) Phase=0, Mode=0 
Data Hold Time? 
Data Valid Delay 


POWER SUPPLIES 


Operating Voltage 
Current 


AC PARAMETERS2 RMS/RMS 
Measures 


Signal Noise Ratio!® Fin = 5 MHz 
Harmonic Distortion 
Second Harmonic Fin = 1 MHz 
Third Harmonic Fin = 5 MHz 
Total Harmonic Distortion! Fin = 5 MHz 


Total Dynamic Error" Fin = 5 MHz 


Differential Gain Error Fs5=3xNTSC 
Differential Phase Error 


EOE 
Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (VpgeF/64) is the DNL error (VO TAG). The INL error is the maximum distance (in LSBs) from the Best Fit Line to 
any transition voltage (NO TAG). Accuracy is a function of the sampling rate (Fs). 
2 Guaranteed. Not tested. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 
a Input bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 
BW calculation: BW = Vout / Vin 
Vout = Vrer * (CODEMax — CODEmin) / 64 
5 See Vix input equivalent circuit (VO TAG) for high sampling rates. Switched capacitor analog input requires driver with low 
output resistance. 
6 All inputs have diodes to Vpp and GND. Inputs OE2, Phase, Mode have internal pull ups. Input OE1 has internal pull 
down. Input DC currents will not exceed specified limits for any input voltage between GND and Vpp. 


w 


7 Internal resistor to Vpp biases unconnected input to active high logical level. 
8 Internal resistor to GND biases unconnected input to active low logical level. 
9 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 


10 SNR: Ratio of fundamental over noise. 
11 TDE: Ratio of fundamental over noise + harmonics (2nd to 9th). 
12 THD: Ratio of harmonics (2nd to 9th) over fundamental. 


Specifications are subject to change without notice 


TOM’ 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C nileae recaharnice noted)! 2 


Veg IOTEND + davcacudacsventwnveducesadspveedeos +7V Storage Temperature ................. —65°C to +150°C 
Vrer() & VReR i «<< cee ee eee ens GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Nill abedeovetateeeusesecs ace 54 GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Digital Inputs ....0nscxenev enue GND -0.5 to Vpp +0.5 V CDOIF, PDIP, SOG 1 tencweenwseaustssaannawes 850mW 
Cota OUIPUS inecctadenvaswes GND —-0.5 to Vpp +0.5 V Derates above 75°C ......... cece cece ee 11mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
ener ja ei the supplies of less than 100mA for less than 100uUs. 


OE1, OE2 


DATA 


Figure 1. Clock Timing Specification Figure 2. Data Line Enable Delay 
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Output 
DNL PLSB SOGEs Best Fit Line 
7 
V(N+1) Real Transfer Line 
Analog 
Input 6 
V 
(N) 5 
Output Ne - 
Codes N 
N—4 3 Ideal Transfer Line 
(N) Code Width = Vin41) — Vin) z 
LSB =[ Vrer+) — VRer-) ] / 64 
DNL) = [ V(N+1) = VN) ]-LSB { 
7 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
Vpp 
Clock 
10Q PS_4 OB 


VIN 
+ 
i 10 pF T 10 pF i V2VRer(+)— 1/2 VREF(-) 


Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


The MP7686 has three operating modes. It has two pipelined 
modes (MP7682 compatible), and a one shot mode. The volt- 
ages applied to the Phase and Mode pins determine the operat- 
ing mode. Figures 1 through 7 show the timing specifications. 
Timing parameters are measured to and from valid logic levels 
(i.e. toH is the time from CLK = 0.8 V to DATA = 0.4 or 2.4V). 


Pipeline Modes (Mode = High) 


In this configuration, the MP7686 works in a continuous fash- 
ion (MP7682 compatible). NO TAG shows the timing with the 
Phase pin high and low. When Phase is low, “sampling” occurs 
during the low period of the clock, and “balancing” during the 
high period. When Phase is high, operation is reversed (see 
NO TAG), “sampling” occurs during the high period and “balanc- 
ing” during the low period. The actual time when the internal 
comparators are connected to Vjy is called the Acquisition Time. 
This time is equal to the sample phase of the external clock de- 
layed by tap and tap. 


Ts =1/Fs 
Balance Sample | Balance Sample 
CLK 
N+1 
taD tap 
are | 
S 
DATA Ee ae 
DH 
to. 


Figure 6. Pipeline Mode Timing (7682 compatible) 
(Phase = 0, Mode = 1) 


Ts =1/Fs 
Sample Sample 
Balance Balance 

SL N N +1 

'aD —_ tap | Sampling Window 

ts | 
on a A. 
me 
to 


Figure 7. Pipeline Mode Timing (MP7682 compatible) 


(Phase = 1, Mode = 1) 


Vin f J 7 ff 7 f 
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The MP7686 converts analog voltages into 64 digital codes 
by encoding the outputs of comparators. A comparator is used 
to generate the overflow bit. The conversion is synchronous with 
the sample clock. A complete conversion cycle is accomplished 
in 1.5 cycles. Data is transferred from the comparator latches to 
the output register each cycle and at the same time the input is 
sampled. 


The clock signal generates the two internal phases, 0B (CLK 
high = balance) and 0S (CLK low = sample). Phase B connects 
the comparators to the reference tap points. Phase S connects 
the comparators to the analog input voltage. 


The reference resistance ladder is a series of 65 resistors. 
The first and the last resistors of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = R * 64 Vrer = Vrer(+) — VRer(-) = 64 * LSB 
DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
—lLa—ol 
OFW| = 1 
| | 
| | 
| | 
| | 
rs rs a a ee 


VREF(-) Vot Vo2 Veo Ves Vorw VREF(+) 


Figure 8. Ideal A/D Transfer Function 


DIGITAL 
CODES 
1.5 * LSB 


VREF(-) Voi Voe2 Ve2 Vé63 VREF(+) 


Figure 9. Real A/D Transfer Curve 


For MP7686 the overflow flag is ideally set at 

Vorw = VREF(+) —0.5* LSB 

Thus the first and last transition of the data bits take place at 
Vin = Voi = VREF(-) + 0.5 * LSB 

Vin = Vea = Vrer(+) — 1-5 * LSB 

LSB = (Vg3 — Vo1) / 62 


MP7686 also has zero scale and full scale errors which indi- 


cate the deviations from the ideal initial and final transitions, thus 
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the various error relationships for Differential Non-Linearity 


(DNL), Integral Non-Linearity (INL) and the zero and full scale 
errors (EZS and EFS) can be described as follows: 


DNL (01) = Voo~ Vo; ~LS8 


DNL (62) = Vg3 — Veo - LSB 
E¢s (full scale error) =Ve3 — [VReF(+) —1.5 * LSB] 
Ezs (zero scale error) = Vo1 — [Vreri-) + 0.5 * LSB] 
INL (i) = & DNL (i) 


Systems that adjust the Vr_er voltages only increase the DNL 
accuracy at the two extreme points. In the MP7686, such adjust- 
ments have little impact at frequencies lower than 15 MHz. 


|e liam ian alia | 

Qs | \° B | 

' | Os | 

VIN o—" | } | 

Latch 

| | 

: | | 

REF | COMPARATOR | 
LADDER 0, icc ee 4 


Figure 10. MP7686 Comparator 


The MP7686 uses the balance phase (dg) to charge one 
plate of the capacitors to the reference ladder tap point and the 
other to the inverter/comparator trigger point (VO TAG). During 
the sample phase (s), one plate of the capacitors switches to 
Vin. The change in voltage (Vij — Vtap) transfers across the ca- 
pacitor and forces the inverter into one of the two possible logic 
states. A latch (connected to the comparator during 0s) restores 
and propagates the digital level to the decode logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (0s). Internal delay of the clock circuitry will delay 
the actual instant when ds disconnects the latch from the com- 
parator. This delay is called aperture delay (tap). 


The aperture delay is not constant but changes from one cy- 
cle to the next. Internal thermal noise and slow input clock edges 
are major contributors to this variation. The aperture jitter (tay) is 
the variation of the aperture delay distribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
LSB. That is, if (dv/dt) * tay = Vaer/64, an internal 1 LSB of error 
results. 
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The logic encodes the 64 bits into a binary code and latches 
the data in a D-type flip-flop for output. The inputs OE1 and OE2 
control the output buffers in an asynchronous mode. 


oe clr DBS - DBO 


Figure 11. MP7686 Functional Equivalent 
Circuit and Interface Timing (Pipeline Mode) 


The MP7686 functional equivalent circuit is shown to help the 
designer to correctly design the timing of his system. The 
MP7686 is equivalent to an A/D converter followed by a D-type 
flip-flop (DFF) with the hold and delay times specified in the elec- 
trical characteristics. 


lf another DFF is to follow the ADC, we recommend that the 
system latches the data at the negative going edge of the clock. 
If a latch follows the ADC, the positive half of the clock used as 
enable signal should guarantee stable output at the end of the 
enable pulse. At high sampling frequencies (Fs > 20 MHz) the 
user should verify in his system that the MP7686 digital outputs 
do not change when the digital logic is trying to latch the data. If 
this problem occurs it may be necessary to invert the logic state 
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of the input PHASE or to change the edge that latches the data’ One Shot Mode (Mode = Low, Phase = Low) 
into the external circuitry. 
While the pipeline mode requires three clock edges (two 
clock pulses) to accomplish one A/D conversion, the One Shot 
mode (see NO TAG) requires only two edges (one clock pulse) 


oe Sample Balance to complete a conversion. 


Sampling Window Reserved (Mode = Low, Phase = High) 


V 
” This mode is not a valid operational mode. 
DATA Reference Voltages 
If the input bandwidth is limited to the Nyquist region (Fijy < 
FS/2) then the two reference voltages can be set at any two val- 
ues between the supplies. Vref (their difference) can be re- 
Figure 12. One Shot Mode Timing duced down to 1.5 volts with minor change in accuracy. _If the 


(Phase = 0, Mode = 0) input bandwidth exceeds FS/2, then it is recommended that 
Veer be lower than Vpp/2. 


OFW 
To 
[> =DB5- DBO Digital 
System 
OE1 
MP7686 OE2 
Co) C, =0.1pF 
Rr Co = 10UF 


R; = Line Termination Resistor 


Figure 13. Typical Circuit Connections 


1. All signals should not exceed Vpp +0.5 V or GND —0.5 V. supplies. All MP7686 inputs have input protection diodes 
2. Any input pin which can see a value outside the absolute which will protect the device from short transients outside 
maximum ratings (Vpp +0.5 V or GND--0.5 V) should be pro- the supplies range. 


tected by diode clamps (HP5082-2835) from input pin to the 


Vint f ff ff f 
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3. The PC board design will affect the MP7686 accuracy. Use 


of wire wrap is not recommended. 


. The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


. The analog input should be driven by a buffer op amp with as 
low an output impedance as possible. The impedance 
should be less than 25Q for clock frequencies above 15 MHz 
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; Ground 


plane should be substantial. The ground plane 
should act as a shield for parasitics and not a return path for 
signals. Separate low impedance ground paths will reduce 
noise levels. 


. The power supplies and reference voltages should be 


decoupled with a ceramic (0.1uF) anda tantalum (10,F) ca- 
pacitor as close to the device as possible. 


. The digital output should not be driving long wires as the ca- 


pacitive coupling and reflection will contribute noise to the 
conversion. When driving distant loads, buffers should be 
used. 
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FEATURES BENEFITS 

e Sampling Rates from 1 kHz to 15 MHz (MSPS) e Reduced Board Space (small package) 

e DNL better than 1/2 LSB from 1 kHz to 10 MHz e Excellent Accuracy Without High System Power 
e Interface to any Input Range between GND and Vpp_ sg _ Reduced External Parts, No Sample/Hold 
e Monotonic; No Missing Codes Needed 

« Single Power Supply (4 to 6 volt) e Designer Can Adapt Input Range and Scaling 


e Low Power CMOS (300 mW) 
e Latch-Up Free 
e 2000 Volt ESD Protection 


Use MP7690A for New Designs 


GENERAL DESCRIPTION 

The MP7690 is an 8-bit monolithic CMOS single step high between AGND and AVpp (Oto 2 V, 1 to4 V, Oto 5 V, etc.). The 
speed Analog-to-Digital Converter designed for precision user simply sets Vrer(.) and VRer(_) to encompass the desired 
applications in video and data acquisition requiring conversion input range. 
rates to 10 MHz with differential linearity error less than 1/2 LSB The MP7690 includes 256 clocked comparators, encoders, 
and low power consumption. The input architecture of the 3-state output buffers, a reference ladder resistor and 


MP7690 allows direct interface to any analog input range associated timing circuitry. An overflow bit (or flag) is provided. 
SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 


VIN O OE2 


VREF(+) O OFW 
1/2 R 


Encode 
1/2R Ladder $R | — ae 
Mux | 2 OE 


ds OB 


VREF(-) 
0B Os 
O dp | | 
CLK © 


AGND DGND 
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ee 


ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 
1 


-55 to+125°C | MP7690SD +1 1/2 
-85 10 +125°C | _MP7690TD 


PIN CONFIGURATION 


See Packaging Section for 


Package Dimensions 1/2 R AVop 
AVop AGND 
AGND AVop 
AVop VREF(+) 
VREF(-) OE1 
VIN OE2 
CLOCK OFW 
DB7 DBO 
DB6 DB1 
DB5 DB2 
DB4 DB3 
DVpp DGND 


24 Pin CDIP (0.300”) 
DN24 


PIN OUT DEFINITIONS 


Center of Reference Resistance 
Ladder 


Analog Power Supply Voltage 


13 Digital Ground Return 

14 Data Output Bit 3 

18 Data Output Bit 2 

16 Data Output Bit 1 

17 Data Output Bit 0 (LSB) 

18 Overflow flag 

19 Output Enable Control Pin 

20 Output Enable Control Pin 

21 Upper Reference Voltage Input 


Analog Ground Return 
Analog Power Supply Voltage 
Lower Reference Voltage Input 


Analog Input Voltage 


Sampling Clock Input 

Data Bit 7 (MSB) 

Data Output Bit 6 

Data Output Bit 5 

Data Output Bit 4 

Digital Power Supply Voltage 


Viw20f J 7 ff 7 7 


22 Analog Power Supply Voltage 
23 Analog Ground Return 


24 Analog Power Supply Voltage 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 10.0 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance), 


Vrer(+) = 4-1, VRer-) = GND, Ta = 25°C 
25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


KEY FEATURES 
Resolution 8 8 Bits 
Sampling Rate Fs | 0.001 10 0.001 10 | MHz 


ACCURACY (J, S Grades)! 


For Specified Accuracy 


Differential Non-Linearity 
Integral Non-Linearity 
(Relative Accuracy) 
Zero Scale Error 

Full Scale Error 


Best Fit Line 
(Max INL — Min INL) /2 


ACCURACY (K, T Grades)! 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 

Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage? 
Negative Ref. Voltage 
Ladder Resistance 

Ladder Temp. Coefficient® 


ANALOG INPUT 


< 
ir 
T 


Input Voltage Range VREF(-) VREF(+) 
Input Impedance 

Input Capacitance Sample‘ 
Aperture Delay 


Aperture Uncertainty (Jitter) 


os = 
Ne 


ns 
ps 
V 

V 

Vin=GND to Vpp 

uA 
uA 
uA 


Coyt=15 pF 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® 

CLK 

OE2 (Internal Res to Vpp)® 
OET (Internal Res to GND)’ 


DIGITAL OUTPUTS 


lOoAD =—-1.0 mA 
lLOAD = 2.0 mA 
VouT=GND to Vpp 


Logical “1” Voltage 
Logical “O” Voltage 
Tristate Leakage 


Data Valid Delay? ns 
Data Enable Delay? ns 
ns 


Data Tristate Delay? 
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ELECTRICAL CHARACTERISTICS TABLE CONT'D 


i Tmin to Tmax 
ta ee Min Max Test Conditions/Comments 


POWER POWERSUPPLIESS CS 


Vop 
Ipp 
NOTES 


Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (Vp¢r¢/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


2 For best results it is recommended that the reference voltage be limited to (Vpp —0.5 V) maximum. 

3 Guaranteed. Not tested. 

4 See Vin input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

5 All inputs have diodes to Vpp and GND. Input OE7 has an internal pull down. Input OE2 has an internal pull up. Input DC currents 
will not exceed specified limits for any input voltage between GND and Vpp. 

6 Internal resistor to Vpp biases unconnected input to active high logical level. 

U Internal resistor to GND biases unconnected input to active low logical level. . 

5 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 


DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2% 


Vpp 10 GND issccscesssiecivtcavevebersnrsasewes +7 V storage TSMPeratwte .scceveavewewees sv —65 to +150°C 
Veerts & VABER) + sos seen wena. GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Wild cccccccacusiod cdvaneenndus GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

All WQUIS «02 esa wees cece sweecsn GND —0.5 to Vpp +0.5 V CE ecepenhndeeesnevensneuesatcueneseés 1100mW 
All Outputs ................... GND -0.5 to Vpp +0.5 V Derates above 75°C .................00.. 15mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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' 
SAMPLE ' AUTO 4 SAMPLE AUTO +t SAMPLE 


! 
1 
N-1 "BALANCE N " BALANCE+ N+1 

OE2 , Xv, “HA 

1 ' 7 ' IL ' 1 
1 1 
' 
i] 
! 


' tbe = —- «Ot IbeN 
ANALOG 7~ ' — 
INPUT : : —_ toHz—e— 1 ft tonz — m4 
' (ona) ' 
; ; i 
DATA 
Figure 1. MP7690 Timing Diagram Figure 2. Output Enable/Disable Timing Diagram 
Output 
DNL| 4*LSB Codes Best Fit Line 
V 7 
mr Real Transfer Line 
Analog 6 
Input 
V 
(N) 5 
Output le 4 
Codes N 
N—1 3 Ideal Transfer Line 
(N) Code Width = V(N+1) — VN) 2 
LSB = [ Vref) — VREF(-) |] / 256 
{ 
DNL(N) = [ Vn+1) — Vin) ] - LSB y, 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
Vpp 
Clock 
10Q Low High 
VIN 
+ 
i pF 30 pF T 1/2 * | VReFa) + VREF(-) ] 


Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7690 converts analog voltages into 256 digital codes 
by encoding the outputs of 255 comparators. A 256th compa- 
rator is used to generate the overflow bit. The conversion is syn- 
chronous with the clock and it is accomplished in 1.5 clock peri- 
ods. Data is transferred from the comparator latches to the out- 
put registers each clock period and at the same time the input is 
sampled. 


The clock signal generates the two internal phases, dp (CLK 
high = balance) and sg (CLK low = sample). dg connects the 
comparators to the reference tap points. 0s connects the com- 
parators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 256 * R Vaee = VREF(+) = VREF(-) = 256 * LSB 
SSS eee 7 
Ys l 4° | 
. | Os | 
VIN —* | : | 
VTAP | | 
an | 

e 

elder gp L_ COMPARATOR | 


Figure 6. MP7690 Comparator 


The MP7690 comparators use the balance phase (dp) to 
charge one plate of the capacitors to the reference ladder tap 
point (Vrap) and the other to the inverter/comparator trigger 
point. During the sample phase (ds) one plate of the capacitors 
switches to Viy. The change in voltage (Vin — Vtap) transfers 
across the capacitors and forces the inverters into one of the two 
possible logic states. Latches (connected to the comparators 
during 0s) restores and propagates the digital level to the de- 
code logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when ds disconnects the latches from the 
comparators. This delay is called aperture delay (tap). 


The aperture delay may vary from one cycle to the next. Inter- 
nal thermal noise, power supply noise and slow input clock 
edges are major contributors to this variation. The aperture jitter 
(tay) is the variation of the aperture delay distribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is in the same order of magnitude of the 


y Rev.2.00 ff ff ff ff 


Ze EXAR 


LSB. Thatis, if (dv/dt) * tay = Vage/256, an internal error of 1 LSB 


results. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW = 0 Ga = 1 


re 


Vrer(-) VO01 V02 Vee Ver Vorw VRer(4) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (VoFy) takes place at: 

Vin = Vorw = VRerF(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 

Vin = VO1 = VREF(-) +0.5 * LSB 

VIN = Vee= VREF(+) —1.5* LSB 

LSB =({ VReF(+) — VREF(-) ) / 256 = (Ver — VO1) / 254 

Note that the overflow transition is a flag and has no impact on 
the data bits. 


DIGITAL 
CODES 


1.5 * LSB 


Figure 8. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions do not fall 
exactly every (VREF(+) - VREF(-)) / 256 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than or less than 1 
LSB. This error is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5 LSB means that all codes are within 0.5 and 1.5 
LSB. If Vaer = 4.096 V then 1 LSB = 16mV and every code 


width is within 8 and 24 mV. 
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The formulas for Differential Non-linearity (DNL), Integral 


Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = VO2— VO1 —LSB 


DNL (FE) = Ver — Veg — LSB 
EFS (full scale error) = Ver — [Vrer(4) -1-5 * LSB] 


EZS (zero scale error) = Vo; — [VReF(_) + 0.5 * LSB] 

Figure 8. shows the zero scale and full scale error terms. 

Systems that adjust the Vrer voltages to correct for EFS and 
EZS only increase the accuracy at the two extreme points. In the 
MP7690, such adjustments have little impact at frequencies 
lower than 10 MHz and generally are not required. Refer to the 
characterization data for temperature and frequency depend- 
ence. 


Figure 4. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the Best 
Fit Line makes equal the positive and the negative INL errors. 
For example, an INL error of —1 to +2 LSB’s relative to the Ideal 
Line would be +1.5 LSB’s relative to the Best Fit Line. 


CLOCK N N+1 N+2 


DATA 


a. Continuous clock 


CLOCK | N | | | BALANCE 
a <a Sa ee 


b. Two negative clock pulses 


DATA 


SAMPLE 
CLOCK BAL} N 


DATA 


c. Two positive clock pulses 


Figure 9. Relationship of Data to Clock 


MP7690 


Clock and Conversion Timing 


Asystem will clock the MP7690 continuously (Figure 9a.) or it 
will give clock pulses intermittently when a conversion is de- 
sired. The timing of Figure 9b. keeps the MP7690 comparators 
in balance and ready to sample the analog input. This mode 
draws the most current from Vpp. The timing of Figure 9c. 
leaves the comparator inputs floating (and AC coupled to the Vin 
input) and a balance phase is needed before a valid sampling 
phase. In this mode, Ipp varies because of the floating compa- 
rator inputs. 


Analog Input 


The MP7690 has very flexible input range characteristics. 
The user may set Vrer(4) and VReF-) to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7690’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. 


Reference Voltages 


If the input bandwidth is limited to the Nyquist region (Fij) < 
(Fs) /2 then the two reference voltages can be set at any two val- 
ues between the supplies. Vper (their difference) can be re- 
duced down to 1.5 volts with minor change in accuracy. lf the 
input bandwidth exceeds (Fs) /2, then it is recommended that 


Veer be lower than Vpp/2. 


At Vref = 1.5 V the LSB is reduced to 6mV. Further reduc- 
tions show an increased error in terms of LSB (which is getting 
smaller) even if the error in terms of mV is about constant. 


The input/output relationship as a function of Vref: 


A\n = Vin — VREF(-) 
Vrer = VRer(+) — VREF(-) 
DATA = 256 * (Ajn/VREF) 
O< VIN < Vref — 1 LSB, DATA = 255 if Vin = VReEeF 


a) Gain adjustment. A system can increase total gain by 
reducing Vre_er. 
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b) Increasing dynamic range. Asystem can increase dy- 
namic range by using DAC’s to control Vr_er and by “focus- 
ing” on input ranges of interest. In digitizing “static” informa- 
tion (an image in ascanner), a first digitization would point to 
the input range in which most of the output codes fall. The 
system then would adjust the DAC’s to generate VreF;,) 
and Vre_r-) to include just the range of interest for the sec- 
ond and final pass. 


c) Subranging; increasing resolution. Where practical, 
multiple passes at different Vpaer ranges can increase reso- 
lution without changing hardware. A system needs to make 
four passes to increase the resolution to 10 bits. The merg- 
ing of the data from the four passes can create DNL errors at 
the borders of the ranges. One solution is to “overlap” the 
ranges and to use software methods to properly merge the 
ranges. 


Digital Interfaces 


The logic encodes the 255 bits into a binary code and latches 
the data in a D-type flip-flop for output. The inputs OE1 and 
OE2 control the output buffers in an asynchronous mode. 


The functional equivalent of the MP7690 (Figure 10.) is com- 
posed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An A/D which tracks and converts Vix with no delay. 

3) ADFF with specified hold (ty; p) and delay (tp,) times. 
tap, tu_p and tp, are specified in the Electrical 
Characteristics table. 


Table 1. Output Enable Logic 
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If an external DFF is to follow the MP7690, it is recommended 
that the system latches the data at the negative going edge of 
the clock. This will work at any frequency. If the system must 
latch with the positive going edge then care must be taken to 
avoid the overlay of the clock edge with the changing outputs. 


If alatch follows the ADC, the positive half of the clock used as 
enable signal guarantees stable output at the end of the enable 
pulse. 


Figure 10. MP7690 Functional Equivalent 
Circuit and Interface Timing 
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APPLICATION NOTES 


MP7690 


AVpp = =DVpp 
® « 
+V Cy Cz} (Note 7)} C; Co 
: ey 
OFW 
To 
——- B7 - BO Digital 
System 
OET 
MP7690 OE2 


@ C,; = 0.1F 
Co = 10UF 


R; = Line Termination Resistor 


Ry 


Figure 11. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP7690. 


1 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


. The design of aPC board will affect the accuracy of MP7690. 


Use of wire wrap is not recommended. 

The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs to minimize cross coupling and 
noise pickup. 


. The analog input should be driven by a low impedance (less 


than 50Q). 
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Analog and digital ground planes should be substantial and 
common atone point only. The ground plane should act as a 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. 


DVpp should not be shared with other digital circuitry to 


avoid conversion errors caused by digital supply transients. 
DV pp should be connected to AVpp next to the MP7690. 


DVpp and AVpp are connected inside the MP7690 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1u.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capaci- 


tive coupling and reflection will contribute noise to the con- 
version. When driving distant loads, buffers should be used. 
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INPUT CURRENT vs. INPUT VOLTAGE 
CONDITIONS: Vier = Voo ; F s= 10MHz; T= 25°C 


INPUT CURRENT vs. SAMPLE RATE 
CONDITIONS: Vin =VaeF = Voo; T= 25°C 


Vpop=7 V 
——— Vop=5V 


Vop=7 V 


z r- 
005 10 16 20 28 30 35 40 45 5.0 55 80 66 7.0 01 O02 04 O06 O08 10 20 40 60 80 10 15 20 
INPUT VOLTAGE -- VOLTS SAMPLE RATE -- MHz 
SMALL SIGNAL BANDWIDTH IDD 
(TEMPERATURE) 

Vpop 26 V 

= —— Vop=5V 
RN — 
x < 
= E 
Z 8 


25 
Fs (MHz) TEMPERATURE (°C) 


DNL VS. INPUT BANDWIDTH AS A 
FUNCTION OF SAMPLE RATE 
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POWER CONSUMPTION FULL SCALE INPUT VS. INPUT FREQUENCY 
VS. SAMPLING RATE AS A FUNCTION OF SAMPLING RATE 


att | TT 7 a 20 MH 
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CONDITIONS: 


Veer = 4V 
TEMP. = +25°C 


+2 


+1 
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] 
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8 
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REFERENCE VOLTAGE LINEARITY VS. TEMPERATURE 
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CONDITIONS: 
TEMP, = +25°C 
SAMPLING RATE = 10 MSPS 


CONDITIONS: 
Vrer = Voo 
SAMPLING RATE = 10 MSPS 
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FEATURES BENEFITS 

e Sampling Rates from 1 kHz to 20 MHz (MSPS) e Reduced Board Space (Small Package) and 

e DNL better than 1/4 LSB from 1 kHz to 10 MHz Reduced External Parts 

e DNL better than 1/2 LSB to 14 MHz e No External Sample/Hold Needed, Reducing 
e Adjustable Input Range between GND and Vpp System Cost and Improving Ease of Design 

e Pin Compatible Upgrade of MP7690A e Adjustable Input Range and Scaling 


e Monotonic; No Missing Codes 

e Single Power Supply (4 to 6 volt) 

e Low Power CMOS (300 mW) 

e ESD Protection: 4000 Volts Minimum 


e Latch-Up Free 


GENERAL DESCRIPTION 

The MP7690A is an 8-bit monolithic CMOS single step high between AGND and DVpp (0 to 2 V, 1 to4 V, Oto 5 V, etc.). The 
speed Analog-to-Digital Converter designed for precision user simply sets Vrer(4) and Vaer_) to encompass the desired 
applications in video and data acquisition requiring conversion input range. 
rates to 14 MHz with differential linearity error less than 1/2 LSB The MP7690A includes 256 clocked comparators, encoders, 
and low power consumption. The input architecture of the 3-state output buffers, a reference ladder resistor and 
MP7690A allows direct interface to any analog input range associated timing circuitry. An overflow bit (or flag) is provided. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 


VIN O OE2 
VREF(+) O OFW 
1/2R 
& . 
Encoder Bind Line 
1/2 R Ladder 2? R_~ | 
Mux | p O OEF1 
Vs 
VREF(-) S 1B 
0B 9s CLK |_N 


C) 
CLK > oB | 
O—O os DB7-DBo| N 
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ORDERING INFORMATION 


PIN CONFIGURATION 


See Packaging Section for 
Package Dimensions 


PIN OUT DEFINITIONS 


Center Point of Reference Ladder 
Analog Power Supply Voltage 
Analog Ground 

Analog Power Supply Voltage 
Lower Reference Voltage Input 
Analog Input Voltage 
Sampling Clock Input 

Data Output Bit 7 (MSB) 

Data Output Bit 6 

Data Output Bit 5 

Data Output Bit 4 


Digital Power Supply Voltage 


Package 
Type 


Temperature DNL 
Range Part No. (LSB) 


1/2 R AVpp 
AVop AGND 
AGND Mop 
AVpp VREF(+) 
VREF(-) OE 
Vin OE2 
CLOCK OFW 
DB7 DBO 
DB6 DB1 
DB5 DB2 
DB4 DB3 
DVpo DGND 


24 Pin CDIP (0.300”) 
DN24 


INL 


| _NAME DESCRIPTION 
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Digital Ground 

Data Output Bit 3 

Data Output Bit 2 

Data Output Bit 1 

Data Output Bit 0 (LSB) 
Overflow Bit Output 

Output Enable Control Pin 
Output Enable Control Pin 
Upper Reference Voltage Input 
Analog Power Supply Voltage 
Analog Ground Return 
Analog Power Supply Voltage 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 14.0 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance), 
VReF(+) = 4-1, VRer(-) = GND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate For Specified Accuracy 


ACCURACY (A, S Grades)! 


Differential Non-Linearity 

Integral Non-Linearity Best Fit Line 

(Relative Accuracy) (Max INL — Min INL) /2 
Zero Scale Error 

Full Scale Error 


ACCURACY (B, T Grades)! 


Differential Non-Linearity 

Integral Non-Linearity + Best Fit Line 
Zero Scale Error 

Full Scale Error 


DYNAMIC ACCURACY Histogram Test 


Differential Non-Linearity 
LSB 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Ladder Resistance 
Ladder Temp. Coefficient? 


V 
V 
Q 


ANALOG INPUT 


Input Voltage Range 

Input Impedance 

Input Capacitance Sample‘ 

Aperture Delay 

Aperture Uncertainty (Jitter) 

Clock Kickback Pulse Vrer=4V 


pAs 
DIGITAL INPUTS 
Logical “1” Voltage V 
Logical “O” Voltage : V 
Leakage Currents® Vin=GND to Vpp 
CLK LA 
OE2 (Internal Res to Vpp)® uA 
OET (Internal Res to GND)’ uA 
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ELECTRICAL CHARACTERISTICS TABLE CONT'D 


rete Tmin to Tmax 
Parameter Symbol Min Max Test Conditions/Comments 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage -0. ILOAD = —4.0 mA 
Logical “O” Voltage LOAD = 4.0 mA 
Tristate Leakage + + VouTtT=GND to Vpp 
Data Valid Delay 

Data Enable Delay? 

Data Tristate Delay? 


POWER SUPPLIES? 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS? RMS/RMS 
Measures 


Signal Noise Ratio!° FS =3X NTSC 
FS = 4X NTSC 


Differential Gain Error FS = 3X NTSC 
Differential Phase Error 


BOTES 
Tester measures code transitions by dithering the voltage of the analog input (Vin). The difference between the measured and the 
ideal code width (Vpefr/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 


any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 


e For best results it is recommended that the reference voltage be limited to (Vpp —0.5 V) maximum. 

3 Guaranteed. Not tested. 

4 See Vix input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

5 All inputs have diodes to Vpp and GND. Input OET has an internal pull down. Input OE2 has an internal pull up. Input DC currents 
will not exceed specified limits for any input voltage between GND and Vpp. 

6 Internal resistor to Vpp biases unconnected input to active high logical level. 

7 Internal resistor to GND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

7 DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply loop. 


SNR: Ratio of RMS signal to RMS noise up to 1/2 Fs in GB. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


VOOIOGND sateneneecnesdnndagwnunscnaweceneaes +7V Storage Temperature ................... —65 to +150°C 
Veeray ® VRERS wwecsesrenesee GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vil ¢ued etakeeaavhauatapeerexe GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

All Digital IAPUIS 2.2. .066sicseee GND —0.5 to Vpp +0.5 V GL nn eee agdenroevierdageaks eykanens den 1100mW 
All Digital Outputs ............. GND -0.5 to Vpp +0.5 V Derates above 75°C .................000- 15mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 

5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


heer cuicde the supplies of less than 100mA for less than 100s. 
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' A 
SAMPLE ' AUTO 14 SAMPLE AUTO + SAMPLE 


i] 1 
t i] 
ka ' i] i] 
Net BACENGE s N ! BALANCE | N+1 OE2 a 
' ' ' ' ‘ D ' ' 
; r ' tpen—= = St toen 
ANALOG ; ae 4 1 
INPUT a i ; —_ 2 i —- tpHz—e— ! tl 
DB7-DBO “DATA! Con ata 
VOH ! i i 
DATA ' N f ' ' 
VoL a Miz (oma 
eins ; tem ‘he OFW DATA ‘ — DATA 
' ‘ 
—_ = thio 
Figure 1. MP7690A Timing Diagram Figure 2. Output Enable/Disable Timing Diagram 
Output 
DNL LSB 7 Codes Best Fit Line 
V(Ne1) Real Transfer Line 
Analog 6 
Input 
V(N) 5 
Output N+ . 
Codes N 
N—1 3 Ideal Transfer Line 
(N) Code Width = Vins1) — Viny 2 
LSB =[ Vrer(+) — VREF(-) | / 256 
{ 
DNL(N) = [ V(N+1) _ VN) ]-LSB / 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
Vop 
Clock 
10 QO Low High 


_ orl 
+ 


|” pF 30 pF T 1/2* [ VREF(+) + VREF(-) ] 


Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7690A converts analog voltages into 256 digital 
codes by encoding the outputs of 255 comparators. A 256th 
comparator is used to generate the overflow bit. The conversion 
is synchronous with the clock and it is accomplished in 1.5 clock 
periods. Data is transferred from the comparator latches to the 
output registers each clock period and at the same time the input 
is sampled. 


The clock signal generates the two internal phases, dg (CLK 
high = balance) and ds (CLK low = sample). dg connects the 
comparators to the reference tap points. 0s connects the com- 
parators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rper = 256 * A Vrer = Vrer(+) — VREF(-) = 256 * LSB 


SS Se ae en eerree | 

Os | 1° B | 

" | Qs | 

VIN ——". : ’ l 

Latch 

VTAP | | 

a oe ! 
e 

Ladder 0, Richins iy! 


Figure 6. MP7690A Comparator 


The MP7690A comparators use the balance phase (0p) to 
charge one plate of the capacitors to the reference ladder tap 
point (Vrap) and the other to the inverter/comparator trigger 
point. During the sample phase (ds) one plate of the capacitors 
switches to Viy. The change in voltage (Vin — Vrap) transfers 
across the capacitors and forces the inverters into one of the two 
possible logic states. Latches (connected to the comparators 
during 0s) restore and propagate the digital level to the decode 
logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when @g disconnects the latches from the 
comparators. This delay is called aperture delay (tap). 


The aperture delay may vary from one cycle to the next. Inter- 
nal thermal noise, power supply noise and slow input clock 
edges are major contributors to this variation. The aperture jitter 
(tay) is the variation of the aperture delay distribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
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LSB. That is, if (dv/dt) * tay = Varre/256 then one LSB of error 
results. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFWI =1 
rel 


Vrer(-) VO01 V02 Vee Ver Vorw VREF(+) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (VoFy) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = Voi = VREF(-) + 0.5 * LSB 

VIN = Ver = VREF(-) -—1.5* LSB 

LSB = Vrer / 256 = (Ver — Vo) / 254 

Note that the overflow bit has no impact on the data bits. 


DIGITAL 
CODES 


1.5 * LSB 


Vrer.) VO1  —- 02 


Figure 8. Real A/D Transfer Curve 


Ina “real” converter, the code-to-code transitions are not al- 
ways exactly every Vrer/256 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated values. A specification of Max 
DNL =+0.5 LSB means that all codes are within 0.5 and 1.5 
LSB. If Vaer = 4.096 V then 1 LSB = 16mV and every code 
width is between 8 and 24 mV. 
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The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = VO2 — VO1 — LSB 


DNL (FE) = Ver — Veg — LSB 
EFS (full scale error) = Ver — [VRer(+) -1.5 * LSB] 


EZS (zero scale error) = VO1 — [VRer-_) + 0.5 * LSB] 

Figure 8. shows the zero scale and full scale error terms. 

Systems that adjust the Vraer voltages to correct for EFS and 
EZS only increase the accuracy at the two extreme points. Inthe 
MP7690A, such adjustments have little impact at frequencies 
lower than 10 MHz and generally are not required. Refer to the 
characterization data for temperature and frequency depend- 
ence. 


Figure 4. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
an ideal one. 


INL is specified in terms of best fit line. Best fit line makes the 
INL+ and INL— errors equal by using the algebraic sum divided 
by 2. Forexample, an INL error of —-1 to +2 LSB’s relative to the 
Ideal Line would be +1.5 LSB’s relative to the Best Fit Line. 


CLOCK N N+1 N+2 


DATA 


a. Continuous clock 


CLOCK | N | | | BALANCE 
a a 


b. Two negative clock pulses 


DATA 


SAMPLE 
CLOCK BAL] N 


DATA 


c. Two positive clock pulses 


Figure 9. Relationship of Data to Clock 


MP7690A 


Asystem will clock the MP7690A (Figure 9b.) continuously or 
it will give clock pulses intermittently when a conversion is de- 
sired. The timing of Figure 9b. keeps the MP7690A comparators 
in balance and ready to sample the analog input. This mode 
draws the most current from Vpp. The timing of Figure 9c. 
leaves the comparator inputs floating (and AC coupled to the Vj 
input) and a balance phase is needed before a valid sampling 
phase. In this mode, Ipp varies because of the floating compa- 
rator inputs. 


Analog Input 


The MP7690A has very flexible input range characteristics. 
The user may set Vrer(4) and Vrer(_y to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7690A‘s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. 


Reference Voltages 


If the input bandwidth is limited to the Nyquist region (Fijy < 
Fs/2) then the two reference voltages can be set at any two val- 
ues between the supplies. Varr (their difference) can be re- 
duced down to 1.5 volts with minor change in accuracy. If the 


input bandwidth exceeds Fc/2, then it is recommended that 
VREF be lower than Vpp/2. 


If Vper is reduced below 1.5 V, accuracy will be degraded 
due to the decreased signal-to-noise ratio. 


The input/output relationship is a function of Vper: 


Ain = Vin — VREF(-) 
Vrer = VRer(+) — VREF(-) 
DATA = 255 * (Ajn/Verer) (Full Scale) 
a) Gain adjustment. A system can increase total gain by 
reducing Vre_r. 


b) Increasing dynamic range. A system can increase 
dynamic range by using DACs to control Vp_er and by “fo- 
Ccusing” on input ranges of interest. In digitizing “static” infor- 
mation (an image in ascanner) afirst digitization would point 
to the input range in which most of the output codes fall. The 
system can then adjust the DACs to generate VReF,,) and 
Vrer_) to include just the range of interest for the second 
and final pass. 


c) Subranging; increasing resolution. Where practical, 
multiple passes at different Va¢r ranges can increase reso- 
lution without changing hardware. A system needs to make 
four passes to increase the resolution to 10 bits. The merg- 
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ing of the data from the four passes can create DNL errors at edge of the clock. This will work at any frequency. If the =yateri 
the borders of the ranges. One solution is to “overlap” the must latch with the positive going edge then care must be taken 
ranges and to use software methods to properly merge the to avoid the overlay of the clock edge with the changing outputs. 
ranges. If alatch follows the ADC, the positive half of the clock used as 

an enable signal forthe latch guarantees stable output at the end 


Digital Interfaces of the enable pulse. 


The logic encodes the 255 input bits into a binary code and 
latches the dataina D-type flip-flop for output. The inputs OE1 
and OE2 control the output buffers in an asynchronous mode. 


The functional equivalent of the MP7690A (Figure 10.) is 
composed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An A/D which tracks and converts Vjjy with no delay. 

3) ADFF (Dtype flip-flop) with specified hold (typ) and de 
lay (tp,) times. tap, ty_p and tp, are specified in the 
Electrical Characteristics table. 


Table 1. Output Enable Logic 


lf an external DFF is to follow the MP7690A, it is recom- Figure 10. MP7690A Functional Equivalent 
mended that the system latches the data at the negative going Circuit and Interface Timing 
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APPLICATION NOTES 


AVpp DVpp 
O « 
+V Cy == Co] (Note 7)] C, Co 
: Lot'y----7 LoL 
Cy, Co AAA 
a4 OFW 
(05 _— Vin (Substrate) 
To 
[> 87-80 Digital 
Rt Cy, C2 
O ce _ System 
1 Vv OE 
. OE2 
4k ok MP7690A 
7 4V ; Co) Cy =0.1p1F 
T > R, Co = 10UF 
20kQ Co R; = Line Termination Resistor 
Cy — 
To [° C; 
4 = = C; 
Figure 11. Typical Circuit Connections 
The following information will be useful in maximizing the per- 6. Analog and digital ground planes should be substantial and 


formance of the MP7690A. 


1. All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


2. Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 7. 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 8. 
sients outside the supply ranges. 


3. The design of a PC board will affect the accuracy of 
MP7690A. Use of wire wrap is not recommended. 
4. The analog input signal (Vij) is quite sensitive and should be 9. 
properly routed and terminated. It should be shielded from 
the clock and digital outputs to minimize cross coupling and 
noise pickup. 10 
5. The analog input should be driven by a low impedance (less 
than 50Q). 


3-119 


common atone point only. The ground plane should act as a 
shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. 


DVpop should not be shared with other digital circuitry to 


avoid conversion errors caused by digital supply transients. 
DVpp should be connected to AVpp next to the MP7690A. 


DVpp and AVpp are connected inside the MP7690A 
through the N — doped silicon substrate. Any DC voltage dif- 
ference between DVpp and AVpp will cause undesirable in- 
ternal currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1uF) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
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CHARACTERIZATION CHARTS (Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 14 MHz 
(50% Duty Cycle), VREF(+) = 4.1 V, VREF(-) = GND, Ta, = 25°C 


DNL/INL (LSB) 


2 4 6 8 10 12 14 16 18 20 


FS (MHz) 
Accuracy (DNL/INL) 
vs. Sampling Rate (FS) 
Graph 1. 
DNL/INL (LSB) 
ee eo 


VREF (V) 


Accuracy (DNL/INL) 
vs. Reference Voltage (VREF) 
vs. Sampling Rate (FS = 10, 14 MHz) 
(VIN p-p = VREF) 
Graph 3. 
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DNL/INL (LSB) 


Temp (°C) 


Accuracy (DNL/INL) 
vs. Ambient Temperature (T) 


Graph 2. 


DNL (LSB) Histogram Test 


Dynamic (DNL/INL) 
vs. Input Sinewave (FIN) 
vs. Sampling Rate (FS = 10, 14 MHz) 


Graph 4. 
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FEATURES BENEFITS 
e Sampling Rates from 1 kHz to 2.5 MHz e Reduced Board Space (Small Package) 
e DNL better than 1/2 LSB (typ) up to 3 MHz e Reduced External Parts, No Sample/Hold Needed 
e Low Power CMOS - 75 mW at 5 V e Suitable for Battery & Power Critical Applications 
e Monotonic; No Missing Codes e Designer can Adapt Input Range & Scaling 
e Interface to any Analog Input Range between APPLICATIONS 

GND and Vpp 


e No S/H needed for CCD Outputs or Input Signals 
less than100 kHz 

e Single Power Supply 

e ESD Protection to 2000 Volts 

e Latch-Up Free 


GENERAL DESCRIPTION 

The MP7693 is an 8-bit monolithic CMOS Analog-to-Digital 
Converter designed for precision applications demanding low 
power consumption and fast conversion. The input architecture 
of the MP7693 allows direct interface to any analog input range 
between AGND and AVDD (Oto 2 V, 1to 4 V, Oto 5V, etc.). The 
user simply sets VREF(+) and VREF(—) to encompass the desired 
input range. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


e Low Power A/D Applications 
e High Resolution Imaging 

e Multiplexed Data Acquisition 
e Radar Pulse Analysis 


The MP7693 uses a two-step flash technique. The first 
segment converts the 3 MSBs and consists of 7 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 5 LSBs. 


With 75 mW typical and 100 mW maximum power 
dissipation, the MP7693 achieves its excellent performance due 
to the inherent high speed of a proprietary CMOS Process. 


AVpp DVpp 


Coarse 


VREF(+) 


O DB7-DBO 


R3 Resolution 
R2 Com- 0 S o B 
R1 parators CLK N 


AGND 


O CLK 


pB7-D80 TOL 


DGND 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


°c 
PLCC —40 to +85°C MP7693BP +3/4 
SOIC —40 to +85°C MP7693BS +3/4 


PIN CONFIGURATIONS 


See Packaging Section for Package Dimensions (MSB) 
DVpp CLK DB7 DB6 DBS5 


(MSB) DB7 DB6 
CLK DB5 2 DB4 
DVpp DB4 3 
AVop DB3 4 See nee 
VREF(+ DB2 5 Pin Out DB2 
Ne DB1 é at left 
R1 DBO (LSB) 7 DBI 
R2 DGND 8 DBO (LSB) 
R3 AGND 9 
R4 VIN 10 
R3 R4 Vin AGNDDGND 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) 20 Pin PLCC 
N20 $20 P20 


PIN OUT DEFINITIONS 


oO AN ODO Oo fF WO PO = | 


oak 
oO 


Data Output Bit 7 (MSB) Analog Signal Input 


Clock Input Analog Ground 
Power Supply Digital Ground 


Analog Power Supply Data Output Bit 0 (LSB) 


Upper Ref. Voltage Data Output Bit 1 


Lower Ref. Voltage Data Output Bit 2 
Ref. Ladder Tap 


Ref. Ladder Tap 


Data Output Bit 3 
Data Output Bit 4 
Ref. Ladder Tap 
Ref. Ladder Tap 


Data Output Bit 5 


Data Output Bit 6 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 2.5 MHz (50% Duty Cycle), 
VreF(+) = 4-1, VReF(-) = GND, Ta = 25°C 


Ta = 25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Le OnE One COnynere __ 


KEY FEATURES 


Resolution 
Sampling Rate! 


ACCURACY2 


Differential Non-Linearity 

Integral Non-Linearity Best Fit Line 

(Relative Accuracy) (Max INL — Min INL) /2 
Zero Scale Error 

Full Scale Error 


REFERENCE VOLTAGES 

Positive Ref. Voltage + 

Negative Ref. Voltage 

Differential Ref. Voltage® ; 

Ladder Resistance 

Ladder Temp. Coefficient! 

ANALOG INPUT! 

Input Voltage Range’ : m 2 i 
Input Capacitance? 

Aperture Delay’ 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents Vin=GND to Vpp 
CLK 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 333 
Rise & Fall Time* 10 10 
“High” Time® 500,000 250 500,000 
“Low” Time® 500,000 250 500,000 


DIGITAL OUTPUTS Cour=15 pF 
Logical “1” Voltage -0. lloap =1mMA 
Logical “O” Voltage ; lloapD =2MA 
Data Hold Time (See Figure 1.) (1) 
Data Valid Delay’ 

POWER SUPPLIES& 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


poleS 


: 


NO BW 


Guaranteed by Design. Not production tested. 

Tester measures code transitions by dithering the voltage of the analog input (Vjj). The difference between the measured code width 
and the ideal value (VreF/256) is the DNL error (Figure 2.). The INL error is the maximum distance (in LSB’s) from the best fit line to 
any transition voltage (Figure 3.). 

See Vix input equivalent circuit (Figure 4.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

System can clock MP7693 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


Wi) CaM) cee eontdniesdnow eb eeuantsadevdasnaks +7V Storage Temperature ................... —65 to +150°C 
VAREFG) & VRERR) << 2 nes oe ones ee GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vi sxe eas pas eednenken eee e ne GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

ALVES a ccccdsesveeees sander GND —0.5 to Vpp +0.5 V PDIP, PLOG, SOG a sscccnavowesvensensasrs 900mW 
AI OUIOUS. «scons esdiessabe cues GND -0.5 to Vpp +0.5 V Derates above 75°C ............00 eee ee 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 


5082-2835) from input pin to the supplies. 
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MP7693 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7693 converts analog voltages into 256 digital codes 
by encoding the outputs of 7 coarse and 33 fine comparators. 
The conversion is synchronous with the clock and is accom- 
plished in 2 clock periods. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 256 * R Vrer = Vrer(+) — VREF(-) = 256 * LSB 


Ref | __coarse comparator _ ! 


Selected dg eee Oe ge | 
Range 


Figure 5. MP7693 Comparators 


The clock signal generates the two internal phases, dg (CLK 
high) and ds (CLK low = sample) (See Figure 5.). The rising 
edge of the CLK input marks the end of the sampling phase (0s). 
Internal delay of the clock circuitry will delay the actual instant 
when 0s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
select a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next dg 
phase. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 6. 


Fy Revi0 fF ff ff ff ff f/f 


DIGITAL 
CODES 
0.5 * LSB 


Vrer-) V01 vo2 Vee Ver VREF(+) 


Figure 6. Ideal A/D Transfer Function 
The first and the last transitions for the data bits take place at: 
Vin = VOO1 = VREF(-) + 0.5 * LSB 
Vin = Ver = VREF(+) - 1.5 * LSB 
LSB = Vrer / 256 = (Ver — V01) / 254 


DIGITAL 


1.5 * LSB 


Figure 7. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions do not fall 
exactly every VreF/256 volts. 


A positive DNL (Differential-Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5LSB means that all code widths are within 0.5 and 
1.5 LSB. If Vaer = 4.096 V then 1 LSB = 16.0 mV and every 
code width is within 8 and 24 mV. 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = Vo2 —- VO1 —LSB 


DNL (FE) = Ver — Veg — LSB 

Ers (full scale error) = Ver — [VRer(4) —1.5 * LSB] 

Ezs (zero scale error) = Vo1 — [VReF_) + 0.5 * LSB] 
Figure 7. shows the zero scale and full scale error terms. 


Figure 3. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
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DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After all transition voltages are measured, a best straight line 
is drawn (see Figure 3.) so that the positive INL error equals the 
negative INL error in magnitude., i.e. best fit line INL = (maxi- 
mum positive — maximum negative) / 2. 


Clock and Conversion Timing 


A system will clock the MP7693 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP7693 in balance and ready to sample the 
analog input. 


cLocK [| y Net 


DATA 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 


Figure 8. Relationship of Data to Clock 


Analog Input 


The MP7693 has very flexible input range characteristics. 
The user may set VrerF(+) and Vref) to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7693’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Aj, input. Figure 9. 
shows the equivalent circuit for Ajj. 


Oe 


MP7693 


Reference Voltages 


The input/output relationship is a function of Vper: 


Ain = Vin — VREF(-) 
VreF = VRer(+) — VREF(-) 
DATA = 255 * (Ain/VREF) 


A system can increase total gain by reducing Vagr. 


Digital Interfaces 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data in a D-type flip-flop for output. 


The functional equivalent of the MP7693 (Figure 9.) is com- 
posed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An ideal analog switch which samples Vij. 

3) An ideal A/D which tracks and converts Vix with no 
delay. 

4) Aseries of two DFF’s with specified hold (ty p) and 
delay (tp,) times. 


tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 


Figure 9. MP7693 Functional Equivalent 
Circuit and Interface Timing 
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APPLICATION NOTES 
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T;  2N2222 tL 
Figure 10. Typical Circuit Connections 
The following information will be useful in maximizing the per- 6. Analog and digital ground planes should be substantial and 


formance of the MP7693. 


1. 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND -0.5 V. 


common atone point only. The ground plane should act as a 
shield for parasitics and not a return path for signals. Sepa- 
rate low impedance ground paths will reduce noise levels. 
DGND should not be shared with other digital circuitry. 
DGND should be connected to AGND next to the MP7693. 


2. Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) 7. DVpp should not be shared with other digital circuitry to 
should be protected by diode clamps (HP5082-2835) from avoid conversion errors caused by digital supply transients. 
input pin to the supplies. All MP7684A inputs have input pro- DVpp should be connected to AVpp next to the MP7693. 
tection diodes which will protect the device from short tran- 8. DVpp and AVpp are connected inside the MP7693 through 
sients outside the supply ranges. the N — doped silicon substrate. Any DC voltage difference 
3. The design of a PC board will affect the accuracy of MP7693. BetWEeN DVipg: NG ov yg WIN Cause UnOesnabe Mel 
Use of wire wrap is not recommended. CUiTEInE. 
- 9. Each power supply and reference voltage pin should be 
4. Theanalog input signal (Vin) is quite sensitive and should be decoupled with a ceramic (0.1}1F) anda tantalum (10UF) ca- 
properly routed and terminated. It should be shielded from pacitor as close to the device as possible. 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 10. The digital output should not be driving long wires as the 


o. 


Vining Jf Jf Jf f 


The analog input should be driven by a low impedance (less 
than 50Q). 
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Capacitative coupling and reflection will contribute noise to 
the conversion. When driving distant loads, buffers should 


be used. 
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PERFORMANCE CHARACTERISTICS 


Graph 1. Supply Current vs. 
Sampling Frequency 
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Graph 5. INL vs. Reference Voltage 
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Graph 2. DNL vs. Sampling Frequency 
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Graph 6. Supply Current 
vs. Temperature 
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Graph 9. INL vs. Temperature Graph 10. Output Delay 


vs. Supply Voltage 


oN 


1 = en oa) 


Data Hold Time(ns) 
Oo 


$e KF NVYONM WW DB BU WY 


oN OW OW 


4 
Vdd(V) 


Graph 11. Data Hold Time vs. 
Supply Voltage 
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Graph 12. Aperture Delay vs. 
Supply Voltage 


TOM’ 


os ee a Some 
A4 ft 
| i EE eee ee. 
id dio ee a 
oe ES eee 
——__ | 
. yd 
7) ed Se 
. [—__j——__+—_ 
/  ane 
0 
3 3.5 4 45 5 
Vdd(V) 


Graph 13. Tristate Enable Delay 
vs. Supply Voltage 
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Graph 14. DNL Error Plot 
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Graph 15. INL Error Plot 
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FEATURES 


e Sampling Rates from <1 kHz to 2 MHz 

e DNL better than 1/2 LSB (typ) up to 1 MHz 

e Very Low Power CMOS - 30 mW (typ) 

e Monotonic; No Missing Codes 

e Interface to any Input Range between GND and Vpp 

e No S/H Required for CCD or most Muxed Input 
Applications 

e Single Power Supply (4 to 6 volts) 

e Latch-Up Free 

e High ESD Protection: 4000 Volts Minimum 

e Use MP8795 For New Designs 

e No S/H Required for Signals <25kHz 


GENERAL DESCRIPTION 


The MP7695 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter that operates over a wide range of 
input and sampling conditions. The MP7695 can operate with 
pulsed “on demand” conversion operation or continuous 
“pipeline” operation for sampling rates up to 2 MHz. The 
elimination of S/H, operation of 5 V supply and small board 
space offer the designer a low cost solution, while also offering 
very low power consumption (30mW typ.) even at high speed (1 
MHz) operation. No sample and hold is required for CCD 
applications, up to 2 MHz, or multiplexed input applications 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Coarse 
Comparators 


VREF(4) 
R3 © 
R2 Resolution 
Ri Com- 
parators 
VREF(-) 
VIN 


O O 


MP7695 


1 MSPS, CMOS 
Very Low Power 10-Bit 


BENEFITS 


e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners, Copiers, 
Facsimile 

e Multiplexed Data Acquisition 

e Radar Pulse Analysis 

e Low Power A/D Applications 


when the signal source bandwidth is limited to 25 kHz. The input 
architecture of the MP7695 allows direct interface to any analog 
input range between AGND and AVpp (Oto 2 V, 1 to 4 V, Oto 5 V, 
etc.). The user simply sets Vaer(.) and Vaer(_) to encompass 
the desired input range. 


The MP7695 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


CLK N 


ofw p< XO 


AGND DGND 
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ORDERING INFORMATION 


Package Temperature DNL INL 
ee ee (LSB) (LSB) 
Plastic Dip_| ~a0to+e5°C | wproosan | 1 | ta 
soic___| -4010+85°C_| _MP7695as 
-4010+85°C_|  MP7695AD 11/4 


=85t0+125°C | _MP7695SD" 14/4 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB2 DB3 1 ®@ DB2 

DB1 DB4 2 DB1 

DBO DB5 3 DBO 

AGND DB6 4 AGND 

AVpp DB7 ) AVpp 

DGND AGND DGND 6 AGND 

DVpp VIN DVpp 7 VIN 

R3 CLK 8 R3 

R2 OE 9 R2 

R1 DB8 R1 

VREF(-) DB9 VREF(-) 
— VREF (4) OFW VREF(+) 


24 Pin CDIP, PDIP (0.300”) 24 Pin SOIC (EIlAu, 0.335”) 
DN24, NN24 R24 


PIN OUT DEFINITIONS 


rane Nae DESCRIPTION save wa DESCRIPTION 


- © DON DOO fF W ND 


—_ ao 
w— © 


yRev.200 ff ff ff ff f 


Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 
Digital Ground 


Digital Vpp 


Clock Input 

Output Enable (Active Low) 
Data Output Bit 8 

Data Output Bit 9 (MSB) 
Overflow Output 


Upper Reference Voltage 
Lower Reference Voltage 
Reference Ladder Tap 
Reference Ladder Tap 
Reference Ladder Tap 
Analog Signal Input 
Analog Ground 

Analog Vpp 

Analog Ground 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
VREF(+) = 4-6, VReF-) = AGND, Ta = 25°C 


. Tmin to Tmax 
Bal i eA lle ee idol [alii Test Conditions/Comments 


KEY -KEYFEATURES—~S 
10 10 Bits 
Fs}  .001 001 MHz 


Resolution 
Sampling Rate 


For Rated Performance 


ACCURACY2 


Differential Non-Linearity 
AN, AS, AD 


99.2% of Codes 
100% of Codes 


Integral Non-Linearity 
AN, AS, AD 

Zero Scale Error 

Full Scale Error 


Best Fit Line 


Histogram Test 


DYNAMIC ACCURACY! 


Fin = 7 kHz 
Fin = 10 kHz 


Differential Non-Linearity 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage® 
Ladder Resistance 
Ladder Temp. Coefficient! 


VREF(+) 
VREF(-) 
VREF 

Re 
Rtco 


ANALOG INPUT! 


Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
OE (Internal Res to GND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 


Vin=DGND to DVpp 


Clock Period 1000 
Rise & Fall Time4 10 10 
“High” Time® 500 500,000 500 500,000 


500,000 500 500,000 


“Low” Time® 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage lLloap = 2mA 

Logical “0” Voltage lLloap = 4 mA 

Tristate Leakage + Vout = DGND to DVpp 
Data Hold Time (See Figure 1.)' 


Data Valid Delay’ 
Data Enable Delay! 
Data Tristate Delay! 


ns 
POWER SUPPLIES® 
Operating Voltage (AVpp, DVpp) , V 
Current (AVpp + DVpp) mA 


NOTES: 
1 Guaranteed. Not tested. 

e Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 
code width and the ideal value (V_gF/1024) is the DNL error (see Figure 3.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 4.). 

See Vij input equivalent circuit (see Figure 5.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP7695 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 AVpp & DVpp are connected through silicon substrate. Connect together at package. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Vary END) vavcv esd dana eeotavaursidescasenees +7V Storage Temperature ................04. —65 to +150°C 
Veer) & VRB) + s2e2 chee ea nee GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vik tegaavensuse n2e4ereneweses GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

AIMNGUS <canaae ees seenesecbex GND —0.5 to Vpp +0.5 V CUOIF, PDIP, SOI cc asnceenerestvesuceeure 1000mW 
PUGS enasccscaneeher enna GND -0.5 to Vpp +0.5 V Derates above 75°C ................00005 138mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

a Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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On Production Tester 
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Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP7695 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and is accomplished in 2 
clock periods. 


The reference resistance ladder is a series of 1025 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Reaep = 1024+ R Veer = VREF(+) VREF(-) = 1024 * LSB 


aad ona 
Ref | ee ain 
Ladder ds 
SS SS ee oe = 
7 | 
Faal 
gee 
Selected me B / — — FINE COMPARATOR __ __ ! 
Range 


Figure 6. MP7695 Comparators 


The clock signal generates the two internal phases, dp (CLK 
high) and ds (CLK low = sample) (See Figure 6.). The rising 
edge of the CLK input marks the end of the sampling phase (s). 
Internal delay of the clock circuitry will delay the actual instant 
when @s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
select a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next op 


phase. 
2 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 
0.5 * LSB 0.5 *LSB 
OFW=0 ican = 
3FFl | 


SFE 


Vrer(-) VO01 Vo02 V3re V3er Vorw VREF(+) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (VoFw) takes place at: 

Vin = Vorw = Vrer(s) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 

Vin = VOO1 = VREF(-) + 0.5 * LSB 

Vin = V3er = VREF(+) - 1.5 + LSB 

LSB = Vper / 1024 = (V3er — VOO1) / 1022 

Note that the overflow transition is a flag and has no impact on 
the data bits. 
DIGITAL 


1.86 * LSB 


Vrer.)  VO001 


V002 


V3FE V3eF VREF(+) 


Figure 8. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions don’t fall 
exactly every Vrage-/1024 volts. 


A positive DNL (Differential-Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vacr = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = V0O02 — Voo1 — LSB 
DNL (3FE) 


Ers (full scale error) = 


= Wien Wie Lae 
V3FF- [VREF(+ (+) —1.5 * LSB] 
Voo1 ~ [Vrer() + 0.5 * LSB) 


TOM 


Ezs (Zero scale error) = 


3-138 


fe” EXAR 

i eee 
Figure 8. shows the zero scale and full scale error terms. 
Figure 4. gives a visual definition of the INL error. The chart 

shows a 3 bit converter transfer curve with greatly exaggerated 

DNL errors to show the deviation of the real transfer curve from 

the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and and the 
negative INL errors. For example, an INL error of —1 to +2 LSB’s 
relative to the Ideal Line would be +1.5 LSB’s relative to the Best 
Fit Line. 


Clock and Conversion Timing 


A system will clock the MP7695 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 9a shows normal operation, while the timing of 
Figure 9b keeps the MP7695 in balance and ready to sample the 
analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK | N | | BALANCE 


b. Single sampling 
Figure 9. Relationship of Data to Clock 


Analog Input 


The MP7695 has very flexible input range characteristics. 
The user may set Vrer(+) and VrR_er(_y to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP7695’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. Figure 9. 
shows the equivalent circuit for Ajj. 


Reference Voltages 


The input/output relationship is a function of Vref: 


F Rev. 200 fF ff fF 


MP7695 


Ain = Vin — VREF(-) 
Vrer = VRer(s) — VREF(-) 
DATA = 1023 * (Ain/VReF) 


A system can increase total gain by reducing Vper. 


Digital Interfaces 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data in a D-type flip-flop for output. 
The input OE controls the output buffers in an asynchronous 


mode. 
| oe | orw_| peo -pe0 


1 Valid High Z 
0 Valid Valid 


Table 1. Output Enable Logic 


The functional equivalent of the MP7695 (Figure 10.) is com- 
posed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An ideal analog switch which samples Vjn. 

3) An ideal A/D which tracks and converts Vj with no 
delay. 

4) Aseries of two DFF’s with specified hold (ty) p) and 
delay (tp,) times. 


tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 


V4 
iz 


Figure 10. MP7695 Functional Equivalent 
Circuit and Interface Timing 


TOM 


MP7695 


CHARACTERIZATION CHARTS 
(Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
VReF(+) = 4-6, VRer-) = AGND, Ta = 25°C 


DNL/INL (LSB) 


Fs (MHz) 


Accuracy (DNL/INL) 
vs. Sampling Rate (Fs) 


DNL/INL (LSB) 


0.0 
75 -45 -15 15 45 75 105 135 
Temp (°C) 


Accuracy (DNL/INL) 
vs. Ambient Temperature (T) 
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APPLICATION NOTES 
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Figure 11. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP7695. 


1. 


6. 


Vin20f J J Jf 7 / 


All signals should not exceed AVpp +0.5 V or AGND -0.5 V 
or DVpp +0.5 V or DGND —0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 

The design of a PC board will affect the accuracy of MP7695. 
Use of wire wrap is not recommended. 

The analog input signal (Vjj) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


. The analog input should be driven by a low impedance (less 


than 50Q). 


Analog and digital ground plane | ubstantial an 
common at one point only. The ground plane should act as a 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. If separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP7695. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP7695 should be connected to AVpp next to 
the MP7695. 


DVpp and AVpp are connected inside the MP7695 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1.F) anda tantalum (10UF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. W d. 
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FEATURES BENEFITS 


e Sampling Rates from 1 kHz to 2 MHz e Reduced Board Space (Small Package) 

e DNL better than 1/2 LSB (typ) up to 1 MHz e Reduced External Parts, No Sample/Hold Needed 
e Very Low Power CMOS - 30 mW (typ) e Suitable for Battery & Power Critical Applications 
e Monotonic; No Missing Codes e Designer Can Adapt Input Range & Scaling 

* abit to any Input Range between GND APPLICATIONS 

e No S/H needed for Input Signals Less Than 10 kHz ¢ Low Power A/D Applications 

e Single Power Supply (4 to 6.5 Volts) e High Resolution Imaging 


e Latch-Up Free e Multiplexed Data Acquisition 


e High ESD Protection: 4000 Volts Minimum e Radar Pulse Analysis 
e For New Designs use MP8784 or MP8795 


GENERAL DESCRIPTION 


The MP7696 is a 9-bit CMOS Analog-to-Digital Converter segment converts the 3 MSBs and consists of 8 autobalanced 
designed for precision applications demanding Low Power — comparators, latches, an encoder, and buffer storage registers. 
Consumption. The input architecture of the MP7696 allows The second segment converts the remaining 6 LSBs. 
direct interface to any analog input range between AGND and 
AVpp (0 to 2 V, 1 to 4 V, 0 to 5 V, etc.). The user simply sets With 30 mW power dissipation, the MP7696 achieves its 
VREF(+) and VReF() to encompass the desired input range. excellent performance due to the inherent high speed of our 


The MP7696 uses a two-step flash technique. The first proprietary 2u Refractory Molybdenum CMOS Process. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


SOIC -40 to +85°C | MP7696AS a 


PIN CONFIGURATIONS 


DB2 DB3 1@ DB2 
DB1 DB4 2 DB1 
DBO DB5 3 DBO 
AGND DB6 4 AGND 
AVpp DB7 5 AVpop 
AGND DGND 6 AGND 
VIN DVpp VIN 

R3 CLK 8 R3 

R2 OE 9 R2 

R1 DB8 R1 
VREF(-) we VREF() 
VREF(+) OFW VREF(+) 


24 Pin PDIP (0.300”) 24 Pin SOIC (EIA, 0.335”) 
NN24 R24 


PIN OUT DEFINITIONS 


PINNO.| NAME DESCRIPTION 


LPINNO.| NAME DESCRIPTION 


—_— 


2 
3 
4 
2 
6 
rj 
8 
9 


ee eS 
Ny — © 


Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 

Data Output Bit 6 

Data Output Bit 7 

Digital Ground 

Digital Vpp 

Clock Input 

Output Enable (Active Low) 
Data Output Bit 8 (MSB) 
No Connection 


Overflow Output 
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Upper Reference Voltage 
Lower Reference Voltage 
Reference Ladder Tap 
Reference Ladder Tap 
Reference Ladder Tap 
Analog Signal Input 


Analog Ground 


Analog Vpp 


Analog Ground 
Data Output Bit 0 (LSB) 


Data Output Bit 1 
Data Output Bit 2 
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FEATURES 


e Sampling Rates up to 3 MHz 

e Requires NO SAMPLE AND HOLD for CCD Outputs 
or for Signals less than 100 kHz 

e Single Supply Voltage 

e Low Power Consumption (100 mW typ) 

e Latch-Up Free 


GENERAL DESCRIPTION 


The MP7783 is a CMOS 8-Bit two step Analog-to-Digital 
Converter designed for precision applications requiring 
conversion times under a micro-second. Featuring a built in 
Track and Hold function, input signals to 100 kHz can be 
digitized with confidence. Integral and differential non-linearities 
are typically less than 1/4 LSB, with a clock frequency of 2 MHz 


SIMPLIFIED BLOCK DIAGRAM 


AVop VreF) R4 RB DVpp 


Vin © 


AGND ~—Vrerv-) R12 DGND 


MP7783 


CMOS 
Low Power 8-Bit 
Analog-to-Digital Converter 
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APPLICATIONS 


e Data Acquisition Systems 
e Computer Peripherals 

e Scanners 

e Process Control 


and a supply of 5 volts. 


Built on EXAR’s proprietary CMOS technology, the 
conversion is done in two segments. The first segment converts 
the 3 MSBs while the second segment converts the five LSBs. 
An overflow bit is provided for applications requiring 9-bit 
resolution by using two devices in cascade. 


OFW 
DB7 (MSB) 
DB6 
DB5 
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DB1 
DBo (LSB) 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 
40 to +85°C 


PIN CONFIGURATIONS 


OE2 ‘OE1 OE2 te OEF1 
PHASE OFW PHASE 2 OFW 
CLK DB7 (MSB) CLK 3 DB7 (MSB) 
DVpp DB6 DVpp 4 DB6 
AVpp DB5 AVpp 5 DB5 
VREF(+) DB4 VREF(+) 6 DB4 
VREF(-) DB3 VREF(-) 7 DB3 
R1 DB2 R1 8 DB2 
R2 DB1 R2 9 DB1 
R3 DBO (LSB) R3 DBO (LSB) 
R4 DGND R4 DGND 
Vin AGND VIN AGND 
24 Pin PDIP (0.600’’) 24 Pin SOIC (ElAd, 0.335’’) 
N24 R24 


PIN OUT DEFINITIONS 


/PINNO.| NAME _ DESCRIPTION 
1 


Output Enable Control 2 Analog Ground 


Sampling Clock Phase Control Digital Ground 
Clock Input 
Power Supply for Digital Circuits Data Output Bit 1 


Power Supply for Analog Circuits Data Output Bit 2 


Reference Voltage (+) Input 


Data Output Bit 3 
Reference Voltage (—) Input 
1/16th Point of Ladder R Matrix 
5/16th Point of Ladder R Matrix 
9/16th Point of Ladder R Matrix 
13/16th Point of Ladder R Matrix 


Data Output Bit 4 
Data Output Bit 5 


oO OA N Oo oa fF WO ND 


Data Output Bit 6 


<j —_ = 
Ny —_~ © 


Analog Input 
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Data Output Bit 0 (LSB) 


Data Output Bit 7 (MSB) 


Digital Output Overflow 


Output Enable Control 1 


TOM 


4 EXAR MP7783 


ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 2.5 MHz (50% Duty Cycle), 
VReF(+) = 4-1, VRer(-) = AGND, Ta = 25°C 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 

KEY FEATURES 
Resolution 8 8 Bits 
Sampling Rate! Fs | 0.001 3.0 | 0.001 3.0} MHz 
ACCURACY (J Grade) 

DNL +3/4 +3/4} LSB 

INL +3/4 +3/4] LSB Best Fit Line 


Differential Non-Linearity 
Integral Non-Linearity 


REFERENCE VOLTAGES 


Positive Ref. Voltage? VREF(+) AVpp Vpp 
Negative Ref. Voltage Vrer(-) | AGND AGND 
Differential Ref. Voltage VREF AVpp-AGND AVpp-AGND 
Ladder Resistance Ry 500 1500 300 1950 


3000 


Ladder Temp. Coefficient* Rtco 


ANALOG INPUT4 


Input Voltage Range VREF(-) VREF(+) 
Input Impedance 
Input Capacitance Sample® 
Aperture Delay’ 


Aperture Uncertainty (Jitter)” 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents® 
CLK 
Input Capacitance* 
Clock Timing (See Figure 1.) 
Clock Period 
“High” Time 
“Low” Time 
Duty Cycle 


Vin=DGND to DVpp 


DIGITAL OUTPUTS Cout=5 pF 


lLoaD = —1.0 mA 
LOAD =2.0mA 
Vout=DGND to DVpp 


Logical “1” Voltage 
Logical “O” Voltage 
3-state Leakage 
Data Valid Delay 
Data Enable Delay* 
Data 3-state Delay* 
Digital Output Delay* 
Output Capacitance‘ 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


ay 
Parameter Symbol 


POWER SUPPLIES?9 


Tmin to Tmax 
Min Max 


‘aid Test Conditions/Comments 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


etES 
Maximum sampling frequency is the frequency which will still meet the non-linearity specification. However, the device is capable of 
higher frequency operation. 
2 Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (VpeF/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 
For best results, it is recommended that the reference voltage be limited to AVpp —0.5 V. 
Guaranteed. Not tested. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 
See Vin input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 
All inputs have diodes to DGND. Input DC currents will not exceed specified limits for any input voltage between DGND and DVpp. 
Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 
DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply. DGND 
should be tied to AGND at the package. 


OON DO BW 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Mig: COND) ope xevaunpswanvadéesvecevensasses +6.5 V Operating Temperature ..................... 0 to +70°C 

Weer © Veer y concave van cenrsvrgnneaans Vpp to GND Storage Temperature ................. —65°C to +150°C 

Wind) axe ukicausumessavawnaxovas GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 secs) .......... +300°C 
2 Package Power Dissipation Rating to 75°C 

DOIONAl IDUNS iiccccsadesweeskeas GND —0.5 to Vpp +0.5 V PDIP. SOIC «o.oo ec ecccccccceccecccceeeee 1000mW 

Digital OUIDUIS ....6.-c0dnees GND —0.5 to Vpp +0.5 V Derates above 75°C ................00005 13mW/°C 


NOTES: 


1 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
. transients outside the supplies of less than 100mA for less than 100us. 


Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP7783 Timing Diagram Figure 2. Output Enable/Disable Timing Diagram 
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N—1 3 Ideal Transfer Line 
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Figure 3. DNL Measurement Figure 4. INL Error Calculation 
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Figure 5. Analog Input Equivalent Circuit 
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DEVICE OPERATION 


Figure 1. shows the timing information for the MP7783. A ref- 
erence voltage is applied between the Vref) and VRer-) 
which drives 256 resistors and switches with 4 voltage taps. 
These taps drive the inverting inputs of comparators. There are 
four control lines: Clock, OE1, OE2 and phase. The phase line 
determines the polarity of the clock. 


Figure 6. shows waveforms with the phase line high and low. 


CLK 


PHASE = 0 Sample 1 


DB7-DBO 
OFW 


CLK 


PHASE = 1 Sample 2 


age 


Sample 1 


DB7-DBO 
OFW 


Sample 2 


>| to 
C< KHsSsi‘CSCK ‘tata Valid Sample 1K Data Valid Sample 2 


With phase = 1, the “sample” occurs during the high period of the 
clock cycle, and the “auto-balance” occurs during the low period 
of the clock. The “sample” is queued and pipelined through a 
series of registers and latches. It appears at the output after 2 
clock periods and time delay (Td). After the sample is acquired 
the data is valid for every clock period. The OE7 will independ- 
ently disable the 8 data bit buffers when it is ina high state. The 
truth table (Table 1.) summarizes this effect. 


Sample 3 Sample 4 


Sample 3 Sample 4 


c.g Data Valid Sample 1 Data Valid Sample 2 


Figure 6. Timing Diagram 


Table 1. Truth Table 
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LINEARITY ADJUSTMENT 


As noted in the specifications, integral non-linearity can be 
adjusted externally to enhance performance. While the setup 
may seem a little awkward, we have found that it can prove 
beneficial for high speed applications requiring 1/4 LSB at room 
temperature and 1/2 LSB over temperature. 


Referring to Figure 9., the reference resistor taps for 1/16th, 
5/16ths, 9/16ths and 13/16ths of Vaer are brought out sepa- 
rately. In normal applications the user simply ties a 0.1 LF ca- 
pacitor to ground at each of these nodes to provide a measure of 


0.1,LF 


filtering when the comparators are “zeroed” to their respective 
reference voltage points along the continuous ladder network. 
To compensate for comparator loading and other subtle errors 
associated with the distributed resistance of the ladder, the user 
can connect a “true” voltage source at each node and trim for op- 
timized performance. As shown in Figure 10., a series of op 
amps is used to set the proper voltage at each node. The value 
is best determined empirically by setting the nominal value for 
the node (e.g. 1/16th of Vaer at R1) and then fine tuning to sig- 
nificantly reduce the integral error. 


SS R4 (11) 
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kK 1k ne 
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APPLICATION NOTES: 


LT LT LT 


The following information will be useful in maximizing the per- 


formance of the MP7783. 


:P 


This device may be susceptible to latch-up. All signals must 
not exceed DVpp or DGND, or AVpp or AGND at any time. 
Power should always be applied before any input signal is 
connected to avoid a latch-up condition. 


. The design of the PC layout and assembly will seriously affect 


the accuracy of the MP7783. Use of wire wrap is not recom- 


mended. 


. The analog input signal (Vij) is quite sensitive and should be 


properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


. The analog input should be driven with a buffer Op Amp 


(Zout < 50 2). 


. The use of a large shield plane is highly recommended, con- 


nected only at one point and connected to virtual ground. 


40 
HARMONIC DISTORTION 
VS 
INPUT BANDWIDTH 

2 F, = 2MHz 3RO HARMONIC 

48 2ND HARMONIC 
La . 
5 50 thi 4TH HARMONIC 
: 4, 
Q 
e 
WwW 
= 

60 
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uw 
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ie) 
UD 

70 

75 


INPUT BANDWIDTH (kHz) 


6. The power supplies and reference voltages should be 
decoupled with ceramic (0.01 to 0.1L.F) and tantalum (10UF) 
capacitors as close to the device as possible. 

7. The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conversion. 
When driving distant loads, buffers should be used. 


04 o2 o1 o2 
le No Max 4 Sus» 
| | 


max | 


a. The minimum clock rate at 50% Duty Cycle is 10 kHz. 
b. The minimum clock rate at non-50% Duty cycle may be 3 
DC as long as 02 is kept to less than 5 us. 


DNL (LSB) 


0.5 


5 1 #15 2 3 10 


Fiy (MHz) 
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PERFORMANCE CHARACTERISTICS 
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Graph 1. Supply Current vs. 
Sampling Frequency 
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Graph 5. INL vs. Reference Voltage Graph 6. Supply Current 
vs. Temperature 
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Graph 7. Reference Resistance 
vs. Temperature 
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Graph 9. INL vs. Temperature 


Graph 11. Data Hold Time vs. 
Supply Voltage 
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Graph 8. DNL vs. Temperature 
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Graph 10. Output Delay 
vs. Supply Voltage 


Graph 12. Aperture Delay vs. 
Supply Voltage 
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Graph 13. 3-state Enable Delay 
vs. Supply Voltage 
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Graph 14. DNL Error Plot 
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Graph 15. INL Error Plot 
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FEATURES 


e 8-Bit Resolution 

e 20 MHz Sampling Rate 

e DNL = +1/2 LSB, INL = +1 LSB (typ) 

e Internal S/H Function 

e Single Supply: 5 V 

e Vin DC Range: 0 V to Vpp 

e Vrer DC Range: 1 V to Vpp 

e Low Power: 85 mW typ. (excluding reference) 
e Latch-Up Free 

e ESD Protection: 1500 V Minimum 


MP8775 


CMOS 
20 MSPS, 8-Bit, High Speed 
Analog-to-Digital Converter 


e Power Down Available: MP8776 
e 3 V Version: MP87L75 
e Small 20 Pin SOIC Package 


APPLICATIONS 


e Digital Color Copiers 
e Cellular Telephones 

e CCD’s and Scanners 
e Video Capture Boards 


GENERAL DESCRIPTION 


The MP8775 is an 8-bit Analog-to-Digital Converter in a small 
20 pin SOIC package. Designed using an advanced 5 V CMOS 
process, this part offers excellent performance, low power 
consumption and latch-up free operation. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP8775 includes an on-chip S/H function and allows the 
user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 
capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP8775. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Encoder 
+ 
Error 


VIN 


AVpp DVpp 
e e 


The designer can choose the internally generated reference 
voltages by connecting Vpp to Vags and Vpz to Varts, or provide 
external reference voltages to the Vag and Vpz pins. The 
internal reference generates 0.6 V at Vrapg and 2.6 V at Var. 
Providing external reference voltages allows easy interface to 
any input signal range between GND and Vpp. This also allows 
the system to adjust these voltages to cancel zero scale and full 
scale errors, or to change the input range as needed. 


The device operates from a single +5 V supply. Power con- 
sumption is 85 mW at FS = 20 MHz. 

Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP8775 is available in Sur- 
face Mount (SOIC), Shrunk Small Outline (SSOP) and Plastic 
dual-in-line (PDIP) packages. 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


—40 to +85°C MP8775AS +3/4 +4 12 
—40 to +85°C MP8775AN +3/4 +1 12 
-40t0+85°C | mps775AQ +1 1/2 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DGND DGND DGND 1 DGND 
DBO (LSB) Vere DBO (LSB) 2 VrpB 
DB1 VaBs DB1 3 VRBS 
DB2 AGND DB2 4 AGND 
DB3 VIN DB3 5 VIN 
DB4 AVop DB4 6 AVpp 
DB5 Vat DB5 7 Vet 
DB6 VaTs DBE 8 VATS 
DB7 (MSB) DVpp DB7 (MSB) 9 DVpp 
DVpp CLK DVpp 10 CLK 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300’) — S20 


N20 20 Pin SSOP — A20 


PIN OUT DEFINITIONS 


PINNo.| NAME _ DESCRIPTION PINNO.| NAME DESCRIPTION 
1 1 CLK 


Digital Ground Sample Clock 

Data Output Bit 0 (LSB) Digital Power Supply 

Data Output Bit 1 Generates 2.6 V if tied to Var 
Data Output Bit 2 Top Reference 

Data Output Bit 3 Analog Power Supply 


Data Output Bit 4 Analog Input 


Data Output Bit 5 Analog Ground 
Data Output Bit 6 Generates 0.6 V if tied to Vaz 
Data Output Bit 7 (MSB) Bottom Reference 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 15 MHz (50% Duty Cycle), 
Vet = 2.6 V, Vrp = 0.6 V, Ty = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Differential Non-Linearity @ 10 MHz 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? Vaer = Vat— Vere 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 

Short Vrap and V_ass 

Short Vaz and Vats 
Self Bias 2 

Vag = AGND, 

Short Vat and Vats 


ANALOG INPUT 


Input Bandwidth (—1 dB)4 
Input Voltage Range 
Input Capacitance® 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

DC Leakage Currents® Vin=DGND to DVpp 
CLK 

Input Capacitance 

Clock Timing (See Figure 1.)’ 
Clock Period 

High Pulse Width 

Low Pulse Width 


DIGITAL OUTPUTS Coyt=15 pF 


Logical “1” Voltage lLloap = 4 MA 
Logical “O” Voltage lLloap = 4 MA 
Data Valid Delay? 8 

Data Hold Line 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D 


AC PARAMETERS 


Differential Gain Error FS =4xNTSC 
Differential Phase Error FS =4xNTSC 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 
Current (AVpp + DVpp) Does not include ref. current 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VpFF/256) is the DNL error (Figure 2.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 3.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4-1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vij input equivalent circuit (Figure 4.). Switched capacitor analog input requires driver with low output resistance. 

6 Allinputs have diodes to DVpp and DGND. Input DC currents will not exceed specified limits for any input voltage between 
DGND and DVpp. 

7 tp, te should be limited to >5 ns for best results. 

8 Depends on the RC load connected to the output pin. 

9 AGND and DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2; 3 


Uhh ON ucaeus eatakonas oer eedeses oaesecenes 7V Storage Temperature ................05. —65 to +150°C 
Vey & VAG stot oe and cee en eden hs Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Ui aseuldeodenednbnet heen hae’ Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

AU IOUS sccoswacoeeeens an sana Vpp +0.5 to GND —0.5 V SOIC, BOOP, POMP csivwa nek ia ca een narew ous 700 mW 
All Outputs ................... Vpp +0.5 to GND —0.5 V Derates above 75°C ...............0..005. 9 mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP8775 Timing Diagram 
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DNL LSB 
V(N+1) 
Analog 
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V(N) 
Output 
Codes 
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LSB = [ Vat— VrB ]/ 256 


DNL) = [ Viet) — Vw) ] - LSB 


Figure 2. DNL Measurement 
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Figure 4. Equivalent Input Circuit 


APPLICATION NOTES 


Signals should not exceed AVpp +0.5V or go below AGND 
—0.5V or DVpp +0.5 V or DGND -0.5 V. All pins have internal 
protection diodes that will protect them from short transients 


(<100uUs) outside the supply range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (AVpp) and reference voltage (Vat & Vrs) 
pins should be decoupled with 0.1uF and 10UF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or BUSES. The 


they should be left unconnected. 
say Ss 


Output 
Codes 


Real Transfer Line 


Ideal Transfer Line 


Analog Input (Volt) 
Figure 3. INL Error Calculation 


Digital 
Outputs 


Clock 


Figure 5. Typical Circuit Connections 


capacitive coupling and reflections will contribute noise to the 
conversion. 


It is possible for the data valid delay (tp,.) to be equal to or 
greater than the high pulse width of the sampling clock (tpyyy), 
See Figure 1. This can cause timing related errors. For sample 
rates above 14 MSPS use only the rising edge of the sample 
clock (CLK) to latch data from the MP8775 to other parts of the 
system. 


The reference can be biased internally by shorting Vpr to 
Vrats and Vapto Vapgs. This will generate 0.6 V at Vag and2.6 V 
at Vrz (see Figure 5.). 


If the internal reference pins Vats and/or Vags are not used 
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Graph 1. DNL vs. Sampling Frequency 
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Graph 3. Supply Current vs. 
Sampling Frequency 
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Graph 5. Reference Resistance vs. 
Temperature 
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Graph 2. INL vs. Sampling Frequency 


25 
Temperature(C) 


Graph 4. Supply Current vs. 
Temperature 
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Graph 7. SINAD vs. Input Frequency 
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Graph 9. THD vs. Input Frequency 
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Graph 8. ENOB vs. Input Frequency 
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FEATURES 


e 8-Bit Resolution 

e Sampling Rate to 30 MHz 

e Low Power: 110 mW typ. (excluding reference) 
e Power Down Mode: 100uA (typ) 

e DNL = +1/4LSB, INL = +1/2 LSB (typ) 
e Internal S/H Function 

e Single Supply: 5 V 

e Vin Range: 0 V to Vpp 

e Vrer Range: 1 V to Vpp 

e Latch-Up Tolerant 

e ESD Protection: 2000 V Minimum 

e 3 State Digital Outputs 


g-to-Digital Converter with Power Down 


MP8776 


CMOS 
8-Bit High Speed, Low Power 


es 


e 20 Pin PDIP, SOIC and SSOP Packages 
e 24 Pin Package Available: MP8786 

3 V Version: MP87L76 

e Improved Version of MP8775 


APPLICATIONS 


e Wireless Communications 
e Digital Cellular Telephones 
e Telecommunications 

e CCD’s and Scanners 

e Video Boards 

e Digital Color Copiers 

e Battery Powered Devices 


GENERAL DESCRIPTION 


The MP8776 is an 8-bit Analog-to-Digital Converter designed 
for high speed digitizing applications requiring low power. The 
MP8776 offers exceptional performance, flexible input 
architecture, low power consumption, power down capability, 
latch-up tolerant operation and is manufactured using an 
advanced 5 volt CMOS process. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP8776 includes an on-chip S/H function and allows the 
user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 
Capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP8776. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
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The designer can choose the internally generated reference 
voltages by connecting Vrp to Vags and Vpz to Vats, or provide 
external reference voltages to the Vag and Vprz pins. The 
internal reference generates 0.6 V at Vpp and 2.6 V at Var. 
Providing external reference voltages allows easy interface to 
any input signal range between GND and Vpp. This also allows 
the system to adjust these voltages to cancel zero scale and full 
scale errors, or to change the input range as needed. 


The device operates from a single +5 volt supply. Power con- 
sumption is 110 mW (typ) at FS = 20 MHz. Power down is ac- 
complished by dropping Vprz below 0.55 V. 


Specified for operation over the commercial / industrial (-40 
to +85°C) temperature range, the MP8776 is available in sur- 
face mount (SOIC), shrink small outline (SSOP) and plastic 
dual-in-line (PDIP) packages. 
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ORDERING INFORMATION 
| Pe OT an | 
Type Range Part No. 


SOIC —40 to +85°C MP8776AS 
SSOP —40 to +85°C MP8776AQ 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DGND OE DGND 1 OF 
DBO (LSB) Veep DBO (LSB) 2 Veep 
DB1 Vass DB1 3 Vass 
DB2 AGND DB2 4 AGND 
DB3 VIN DB3 5 VIN 
DB4 AVpp DB4 6 AVpp 
DB5 Vert DB5 7 Vat 
DB6 Vets DB6 8 Vets 
DB7 (MSB) DVpp DB7 (MSB) 9 DVpp 
DV CLK DVpp 10 CLK 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) — S20 


N20 20 Pin SSOP — A20 


PIN OUT DEFINITIONS 


Coes DESCRIPTION Sue__wawe | _pesennon _ DESCRIPTION 


Digital Ground Sample Clock 

Data Output Bit 0 (LSB) Digital Power Supply 

Data Output Bit 1 Generates 2.6 V if tied to Var 
Data Output Bit 2 Top Reference 

Data Output Bit 3 Analog Power Supply 

Data Output Bit 4 Analog Input 

Data Output Bit 5 Analog Ground 

Data Output Bit 6 Generates 0.6 V if tied to Vag 
Data Output Bit 7 (MSB) Bottom Reference 
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Digital Power Supply Output Enable 
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ELECTRICAL CHARACTERISTICS TABLE 


Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 20 MHz (50% Duty Cycle), 
Vat = 2.6 V, Vrs = 0.6 V, Ta = 25°C 


Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate For specified performance 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 


Vrer = Vat — Vee 


ee Oe Se 


Short Vag to Vags 

and Vat to Vats 

Short VeB to Vass 

and Vert to Vats 

Self Bias 2 ; Vrap=AGND, Short V_az and Vets 


< 


ANALOG INPUT2 


Bandwidth (—1 dB)4 

Input Voltage Range 

Input Capacitance Sample® Clock High 
Input Capacitance Convert? Clock Low 
Aperture Delay 

Aperture Jitter 


DYNAMIC PERFORMANCE 


Signal to Noise Ratio 

Signal to Noise plus Distortion 
Harmonic Distortion 

Effective No. of Bits 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE 

Input Capacitance 


Clock Timing (See Figure 6.)’ 
Clock Period For Specified Performance 


High Pulse Width For Specified Performance 
Low Pulse Width For Specified Performance 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


DIGITAL OUTPUTS Cauy=15 oF 


Logical “1” Voltage ‘ loap=4mMmA 

Logical “O” Voltage ; lloap =4 MA 

3-state Leakage Vout=GND to DVpp 

Data Valid Delay?: 8 

Data Enable Delay: 8 

Data 3-state Delay? 8 

Pipeline Delay Constant relationship between 


clock and output 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 


Current (AVpp + DVpp) Does not include ref. current 
POWER DOWN 
Power Down Point Chip goes to power down mode 
Power Up Point when Vez < 0.55 V 
Power Down Current Does not include ref. current 
Power Control Delay Vat @ 0.40.9 V 

NOTES 

1 


Oar W PY 


Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (VpeF/256) is the DNL error (Figure 10.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 11.) Accuracy is a function of the sampling rate (FS). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

The bandwidth represents the gain of the ADC and does not imply accuracy 

See Vix input equivalent circuit (Figure 2.). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to Vpp and GND. Input DC currents will not exceed specified limits for any input voltage between 

GND and Vpp. 

tr, te should be limited to >5 ns for best results. 

Depends on the RC load connected to the output pin. 

AGND and DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 1:2: 3 


Wr TO GN: nec cveweenséueuessrrs dene ennharsveere 7V Lead Temperature (Soldering 10 seconds) ........ 300°C 
Wat @ VAG osc cccasésecaeensees Vpp +0.5 to GND —0.5 V ; ,; as 
VIN ccccececeeevceeereeerreee: Vpp +0.5 to GND -0.5 V Maximum Junction Temperature ................. 150°C 
PAVINDUIS ccsctcavecteneecedsa: Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

PU LUIPUS .iskccccuaveacdeuns Vpp +0.5 to GND —0.5 V SOIC, PDIP, SSOP .2i65.cnccanessedsuaass 680 mW 
Storage Temperature .............00000- —65 to +150°C Derates above 75°C ......... cece eee ee 9 mW/°C 
NOTES: 


1 


3 


V2.0 f ff 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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THEORY OF OPERATION 


Analog to Digital Conversion 


The MP8776 uses a two step, sub-ranging architecture to 
convert analog voltages into 256 digital codes. 


A full conversion (Sampling Vij, converting MSB & LSB, and 
performing any error correction) requires 3 1/2 clock cycles to 
complete (see Figure 6.) The pipelined architecture allows the 
chip to maintain a one conversion per cycle sample rate. Digital 
logic combines the MSB and LSB data and performs error 
correction to produce 8-bit output codes. 


Internal Reference Bias 


The MP8776 includes two on-chip resistors that can be used 
to bias the reference ladder without external circuitry. These two 
resistors are designed to track the reference ladder and are 
used to create a voltage divider between the supplies (AVpp and 
AGND). 


To use this feature, simply connect V_z to Vats and connect 
Vpp to Vaps. This will nominally generate: 
AVpp Xx (0.3/2.5) at Vrp, and 
AVpp x (1.3/2.5) at Vat 
This will generate 0.6 V at Vag and 2.6 V at Vp)z (see Figure 7.) 
Bypass capacitors on Var and Vpp are suggested to stabilize 
the ladder. 


If the internal reference pins Vpats and/or Vags are not used 
they should be left unconnected. 


AVpp 
1.2x Ri 
VATS 
Vat 
Re 
VRB 
VrRBS 
0.3x Rr, 
AGND 


Figure 1. Internal Reference Bias 


Transfer Characteristics 


The ideal ADC is a linear building block that has infinite 
bandwidth and no phase distortion. A real ADC, however, 
exhibits finite bandwidth and non-constant group delay 
characteristics as well as non-linear behavior due to the 
non-zero INL characteristic. When modeling the ADC as a 
linear element and a quantizer, the circuit shown in Figure 2. can 
be used in order to represent the ADC’s bandwidth. 


MP8776 


220Q CLK 
VIN ~~ 
Cik 
7 pF Foon 4 +| 3 pF 12 pF 
2 ” 


Figure 2. Input Equivalent Circuit 


Sample and Hold Timing 


The ADC’s internal sample and hold tracks the input signal 
when CLK is high. After a delay of tap from the falling clock edge, 
the analog signal is sampled and held for conversion as seen in 
Figure 3. 


Figure 3. Sample and Hold Timing 


Output Enable (OE) 


The OE pin controls the state of the digital output drivers. 
When forced low, the drivers are active. When pulled high the 
drivers are 3-stated. Please note that the OE pin only controls 
the output drivers; the rest of the chip is still active. Therefore if 
the clock is running, the internal registers are updated even if the 
digital outputs are 3-stated (Figure 4.). 


Impedance 


Figure 4. Output Enable/Disable Timing Diagram 


Power Down Mode 


For systems that are battery powered, the MP8776 has a 
power down feature to help extend battery life. When the 
voltage at the Vpz pin drops below 0.4 V, the chip goes into 
power down mode. In this state, conversions are halted, the 
outputs are 3-stated and Ipp drops to less than 100 uA. Then, 
when the voltage at the Vpz pin rises above 0.9 V, the chip will 
power up. Note that after power up, four clock cycles are 
required to get valid data at the digital outputs (see Figure 6.). 
One way to achieve power down is to disconnect or disable the 
buffer/amp driving V_z, and let the internal reference resistance 
pull Vaz down. Remember, any bypass capacitors at Vpz will 


increase the time for Vpz to drop below 0.4 V. 
TOM 
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APPLICATION NOTES 


Digital Outputs 


Refer to Figure 6. for details on the data availability timing. 
The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. The output enable pin (OE) should not be left 
unconnected. If it is not controlled by an active signal, it must be 
tied to ground. 


1/FS 
tpwH | tewe 
AGND and DGND pins are connected internally through the 
P-substrate. AGND and DGND pins should be connected N+1 N+2 


together as close to the chip as possible. be pPELINE DELAY 


Power Supplies and Grounding 


AVpp and DVpp should be connected to the sample power 
supply source (Figure 5.). The power supply (AVpp and DVpp) 
and reference voltage (Var & Vag) pins should be decoupled 
with 0.1u.F and 10uF capacitors to GND, placed as close to the 
chip as possible. 


Sample “N” 


+5 V 
) 


Figure 6. Data Available Timing 
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The MP8776 allows for dynamically adjusted Vpaz and Vpp. 
When this is done, Vat and Vag have to be kept static during a 
certain period. 


The A/D conversion is done in a two-step method. During the 
first clock period, the MSB comparator bank compares the Vx 
with the reference voltage string in order to determine in which 
subrange the exact Vjy lies. During the subsequent clock 
period, an LSB comparator bank compares a subrange of the 
Vrer to the Viy. Thus, the reference inputs have to be stable 
during two compare cycles. This implies that while the ADC is 
clocked with FS, the conversion only occurs at a rate of FS/2. 
Every second sample and resulting data must be discarded 
because the reference changes during its conversion. 


Figure 5. Typical Circuit Connections 


The Analog Input 


When designing with the MP8776, the following points can 
help optimize performance. 


1. Driving the analog input — The input impedance can be 
represented as a switched capacitor type input circuit, ie. the 
input impedance changes with the phase of the input clock. 
Figure 2. shows an equivalent input circuit. In many 
applications, the input impedance can be treated as 
capacitive. For fast signals and a high driving impedance, a 
wide bandwidth op amp is recommended. 


The reference inputs Vat and Vprp have to have settled to 
within 1 LSB, at least 50 ns before the rising edge which occurs 
after the sampling instant. The reference has to be kept 
constant until (tap + 10 ns) after the second rising edge. See 
Figure 7. for timing details. The digital data of the N+ 1,N+3, N 
+ 5 etc. samples are invalid if the reference is changed every 
second clock cycle. The data forthe N,N+2,N+4etc. samples 


2. It is important to note that op amps have inductive output —are valid. 


impedances at high frequencies which is a consequence of 
the emitter impedance of the typical push-pull output stage. 


The resulting transient ringing should be damped by can 
inserting a resistor in series with the ADC input — typically 
about 50. See Figure 5. The exact value may be obtained 
from the op amp manufacturer’s data sheet. SERRANO 50 ns 
3. Signals should not exceed Vpp +0.5V or go below GND Daur “a mare “a 


—0.5V. All pins have internal protection diodes that will 
protect them from short transients (See Note 2, Absolute 
Maximum Ratings) outside the supply range. 


Figure 7. Dynamic Reference Control 
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LINEARITY DEFINITION 


DNL LSB 
The Ideal ADC V(N+1) 
Analog 
The transfer function for an ideal A/D converter is shown in Input 
Figure 8. VN) 


OUTPUT a4 
CODES Output - 
0.5 * LSB 1.5*LSB Codes N 
N-1 


Figure 10. DNL Measurement 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) are: 


DNL (01) = VO2 — V01 — LSB 


; . DNL (FE) = Ver — Veg — LSB 
Figure 8. Ideal A/D Transfer Function Thus DNLw = [ Vinet) - Vi ]- LSB 
Code Width (N) = Vin41) — Vin) 
Similarly, the zero scale and full scale errors are defined as: 
Vin = VO1 = Vrp + 0.5 * LSB EFS (full scale error) = Ver — (Vat — 1.5 * LSB) 
The last transition of the data bits takes place when: EZS (zero scale error) = VO1 — (Vpag + 0.5 * LSB) 
where: LSB =[ Vat—Vrap]/ 256 


Figure 9. shows the zero scale and full scale error terms while 
Figure 10. shows the definition of DNL. 


The first transition for the data bits takes place when: 


Vin = Ver = Vat — 1.5 * LSB 
where: LSB = Vag / 256 

= (Ver — V01) / 254 
and Vrer = ( Vat — Vee ) 


Output 
Codes Best Fit Line 


The Real ADC 


Real Transfer Line 


6 
In a “real” converter, the code-to-code transitions do not fall 
exactly every Varr/256 volts. 5 
A positive DNL (Differential Non Linearity) error means that 4 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 3 ideal Transfer Line 


A specification of Max DNL=+0.5LSB means that all codes 


2 
are within 0.5 LSB and 1.5LSB. For example, if Vacr = 4.096 V 
then 1 LSB = 16mV and every code width is between 8 and 24 1 
mV. 
7 
Analog Input (Volt) 
OUTPUT ES 
CODES Ideal Figure 11. INL Error Calculation (3-Bit) 


1.5 * LSB 


0.5% 188 


Figure 11. gives a visual definition of the INL error. The graph 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, a line 


Vag VOt Vo2 Vex Veo Ver is drawn parallel to the ideal transfer line. By definition, the best 
fit ine makes equal the positive and the negative INL errors. This 
Figure 9. Real A/D Transfer Curve may change an INL of —1 to +2 LSBs relative to the ideal line into 


a +1.5 relative to the best fit line. 
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PERFORMANCE CHARACTERISTICS 
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Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 


PEE EEE EEE LEE | Ee 
AEE “Tet 
i=. an 


3 
Vref(Vp-p) oa ) 


Graph 3. DNL vs. Reference Voltage Graph 4. Supply Current vs. 
Sampling Frequency 
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Temperature(C) 
Graph 5. Supply Current vs. Graph 6. Power Up/Down Voltage 
Supply Voltage vs. Temperature 
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Graph 7. Power Up/Down Voltage 
vs. Supply Voltage 
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Graph 9. Aperture Delay (tap) 
vs. Temperature 
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Graph 11. Output Delay 
vs. Supply Voltage 
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Graph 8. Output Delay (tp, ) 
vs. Temperature 
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Graph 10. 3-state/Enable Delay 
vs. Temperature 
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Graph 12. Aperture Delay (tp) 
vs. Supply Voltage 
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Graph 13. 3-state/Enable Delay Graph 14. Gain vs. Input Frequency 


vs. Supply Voltage 
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FEATURES 


e 10 MHz Input Bandwidth (-0.3 dB) 

e SNR > 44 dB @ Fin 2.4 MHz 

e 1.2 to 5.0 Volts (Peak to Peak) Input Range 
e 1/2 LSB Dynamic DNL at 14.4 MHz 

e 3/4 LSB Dynamic DNL at 17.7 MHz 

e Monotonic. No Missing Codes 

e Latch Up Free CMOS Technology 

e High ESD Protection - 4000 Volts Minimum 


GENERAL DESCRIPTION 


The MP8780 is a CMOS 8-bit high speed Analog-to-Digital 
Converter designed and specified for applications in imaging 
and video digitizing. With Signal to Noise Ratio greater than 44 
dB in the Video Input Bandwidth and encode rates up to 20 MHz, 
the MP8780 easily meets the requirements needed to digitize 
standard American and European video signals. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 
O O 6 


VIN 


VREF(+) 


1/2 R 


Encod 
1/2 R Ladder ae 


VREF(-) 


CLK 


MP8780 


CMOS 
8-Bit Video 
Analog-to-Digital Converter 


BENEFITS 


e Optimized Combination of Performance, 
Power, Packaging and Cost for Video Digit- 
izing Applications 

e Excellent Video Digitizing Performance 

e Smaller Board Space 

e Lower System Power 


A fast digital interface simplifies connection to most modern 
DSP and CPU chips. 


Careful design and layout have reduced static sensitivity, 
while our proprietary latch-up free process virtually eliminates 
the need for many of the diode protection schemes used in the 
past. 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


Plastic Dip | —40to+85°C | MP8780JN 11/2 
SOIC —40 to +85°C MP8780JS 11/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


AVpp 1/2R 1 @ AVpp 
AGND AVop 2 AGND 
AVop AGND 3 Moc 
VREF(+) AVop 4 VREF(+) 
OE1 VREF(-) 5 OE1 
OE2 VIN 6 OE2 
OFW CLK 7 OFW 
DBO DB7 8 DBO 
DB1 DB6 9 DB1 
DB2 DB5 DB2 
DB3 DB4 DB3 
DGND DVpp DGND 
24 Pin PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300”) 
NN24 $24 


PIN OUT DEFINITIONS 


[PINNO.| NAME | DESCRIPTION 


1 50% Point of Reference on 
Resistance Ladder 


[PINNO.| NAME | ____DESCRIPTION 
13 


Digital Ground 


Data Output Bit 3 
Analog Power Supply Voltage 
: id : Data Output Bit 2 


Analog Ground 
Data Output Bit 1 


Analog Power Supply Voltage 
- : : Data Output Bit 0 (LSB) 


Lower Reference Voltage Input 
Overflow flag 
Analog Input Voltage 
Output Enable Control Pin 
Sampling Clock Input 
Data Output Bit 7 (MSB) 
Data Output Bit 6 

Data Output Bit 5 


Data Output Bit 4 


Output Enable Control Pin 


Upper Reference Voltage Input 


oO ON DO oO fF W ND 


Analog Power Supply Voltage 


— 
oO 


Analog Ground 


—_ 
sd 


Analog Power Supply Voltage 


eon 
Ne) 


Digital Power Supply Voltage 
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ELECTRICAL CHARACTERISTICS 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 15 MHz (Duty Cycle: 1/3 Sample & 2/3 Balance) 
VREF(+) = 2.5 V, VREF(-) = GND, Temp = 25°C 


RESOLUTION 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity 
Zero Scale Error 


Full Scale Error 
DNL& Fs = 10MHz 
INL& Fs = 10MHz 


DYNAMIC ACCURACY® 


< 
D 
m 


(Histogram Test) 


F 


Differential Non-Linearity 
Differential Non-Linearity 
Differential Non-Linearity 
Differential Non-Linearity 


REFERENCE VOLTAGES 


NNN 
2000 
VAD A 
no 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage 
Ladder Resistance 
Ladder Temp. Coefficient® 


ANALOG INPUT2: & 


Input Voltage Range 
Input Impedance (See Figure 3.) 
Aperture 
Aperture Delay 
Aperture Uncertainty 
Clock Kickback Pulse Vrer=2.5 V 
VreF=4.0 V 


Input Bandwidth (—0.3 dB) 


DIGITAL INPUTS? (Tmin to Tmax) 


Logical “1” Voltage 

Logical “O” Voltage 

Current (CLK) Vin=0 to Vpp 
Current (—OE1: Res to GND) Vin=0 to Vop 
Current (OE2: Res to Vpp) Vin=0 to Vpp 
Input Capacitance® 


Clock Timing (See Figure 1.)® 


Rise & Fall Time4 
“High” Time (Autozero/Autobalance) 
“Low” Time (Sampling) 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


os 
Description Symbol ae | 


DIGITAL OUTPUTS 7 ee pF 


Logical “1” Voltage 

Logical “1” Source Current 

Logical “O” Voltage 

Logical “O” Sink Current 

3-state Leakage VouT=0 to Vpp 
Min Data Hold Time (See Figure 1.)® 

Max Data Valid Delay® 

Data Enable Delay (See Figure 2.)® 

Data Tristate Delay® 


POWER SUPPLIES’ 


Operating Voltage° 
lbp 


AC PARAMETERS® 


Differential Gain Error Fo =3xXNTSC 
Differential Phase Error 


Signal Noise Ratio 
(RMS/RMS) 


NOTES 
Linearity (DNL, INL) is a function of clock frequency. INL is specified as the best Straight line fit. See characterization chart. 

See Vij Input Equivalent Circuit (Figure 3.). Switched capacitor analog input requires input buffer with lowest output resistance 
possible. 

3 All inputs have current leakage to Vpp and GND. OE2 has pull-up transistor. OET has pull-down transistors. These DC currents 


will not exceed the specified values for any input voltage between 0 and Vpp. 

CLK Input spec to meet MP8780 aperture specifications. Actual rise/fall timing can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

Guaranteed. Not production tested. 

DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NO Ff 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


Woot GN cecnsdakannrcewavecadoees rareddanunes +7V Storage Temperature ................... —65 to +150°C 
VREF(+) & VREF(-) - +--+ eee eee eee GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Wikt-accewneseenotasntacetee sat GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

A WWDUIS we cece neaeeeenseeews GND —0.5 to Vpp +0.5 V la 2) © en ee 1000mW 
AUQUIOUIS oscacaseacsacsneees GND —0.5 to Vpp +0.5 V Derates above 75°C .nwcaevunkeerivassaae 13mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
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TIMING DIAGRAMS 


' i 
SAMPLE ' AUTO 14 SAMPLE AUTO +t SAMPLE 


i] 
i] 
N-1' BALANCE, N 4 BALANCE: N+1 
: ! 
: ' . ' 
ANALOG y ' : 
INPUT : 
i] ‘ 
DATA 


Figure 1. MP8780 Timing Diagram 
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Figure 2. Output Enable/Disable Timing Diagram 


Clock 
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Figure 3. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


The MP8780 converts analog voltages into 256 digital codes 
by encoding the outputs of 255 comparators. A 256th compa- 
rator is used to generate the overflow bit. The conversion is syn- 
chronous with the sample clock. A complete conversion cycle is 
accomplished in 1.5 cycles. Data is transferred from the compa- 
rator latches to the output register each cycle at the same time 
the input is sampled. 


7 


The clock signal generates the two internal phases, op (CLK 
high = balance) and ds (CLK low = sample). Phase B connects 
the comparators to the reference tap points. Phase S connects 
the comparators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rraer = 256*R Veer = VREF(+) = VREF(-) = 256 * LSB 


The ideal transfer function for MP8780 is shown in Figure 4. 


DIGITAL 
CODES 


0.5 * LSB 0.5 * LSB 


OFWI=1 


Veer) VO1  —~Vo2 Mee Wee 


Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFw) takes place at: 
Vin = Vorw = Vrer(-) = 0.5 LSB 


Thus the first and the last transitions for the data bits take 
place at: 


Vin = VO1 = VREF(-) + 0.5 * LSB 
Vin = Ver = VREF(+) —1.5*LSB 
LSB = Vper/256 = (Ver — VO1) / 254 


Note that the overflow transition is a flag and has no impact on 
the data bits. 
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DIGITAL 
CODES 


1.5 * LSB 


VREF(-) V01 V02 VEE Ver 


Figure 5. Real A/D Transfer Curve 


The formulas define the various error relationships for Differ- 
ential Non-linearity (DNL), Integral Non-Linearity (INL) and zero 
and full scale errors (Ezs, Egs). 


DNL (01) = Vo2— 01 —LSB 


DNL (FE) = Ver — Veg — LSB 

Egs (full scale error) =Ver —[ Vrer(4) — 1.5 * LSB ] 

Ezs (zero scale error) = Vo; —[ VReF(-) + 0.5 * LSB ] 

INL (i) = & DNL (i) 

Figure 5. shows the effect of the zero scale and full scale error 
terms. 


Systems that adjust the Va¢r voltages only increase the DNL 
accuracy at the two extreme points. In the MP8780, such adjust- 
ments have little impact at frequencies lower than 10 MHz. Refer 
to the characterization data for frequency dependence. 


oe | 
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The MP8780 uses the balance phase (dg) to charge one i 


plate of the capacitors to the reference ladder tap point and the 
other to the inverter/comparator trigger point. During the sample 
phase (ds), one plate of the capacitors switches to Vij. The 
change in voltage (Vij — Vtap) transfers across the capacitor 
and forces the inverter into one of the two possible logic states. A 
latch (connected to the comparator during ds) restores and 
propagates the digital level to the decode logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when @s disconnects the latch from the com- 
parator. This delay is called aperture delay (tap). 


SAMPLE 


A. Two positive clock pulses 


CLOCK | N | | | BALANCE 
DATA x Xx N 


B. Two negative clock pulses 


CLOCK N N+1 N+2 


C. Continous clock 


Figure 7. Relationship of Data to Clock 


A system can clock the MP8780 continuously or it may 
choose to give clock pulses intermittently when a conversion is 
desired. The timing of Figure 7B. keeps the MP8780 compa- 
rators in balance and ready to sample the analog input. This 
mode draws the most current from AVpp. The timing of Figure 
7A leaves the comparator inputs floating (and AC coupled to the 
Vin input) and a balance phase is needed before a valid sam- 
pling phase. In this mode, Ipp varies because of the floating 


MP8780 


The aperture delay is not constant but changes from one cy- 
cle to the next. Internal thermal noise, power supply noise and 
slow input clock edges are major contributors to this variation. 
The aperture jitter (tay) is the variation of the aperture delay dis- 
tribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
LSB. Thatis, if (dv/dt) * tay = Vaer/256, an internal 1 LSB of error 
results. 


The logic encodes the 255 bits into a binary code and latches 
the data in a D-type flip-flop for output. The inputs OET and OE2 
control the output buffers in an asynchronous mode. 


tpL—a~ . <= 


Figure 8. MP8780 Functional Equivalent 
Circuit and Interface Timing 


comparator inputs. 


lf another DFF is to follow the ADC, we recommend that the 
system latches the data at the negative going edge of the clock. 
This will work at any frequency. If the system must latch with the 
positive going edge, then care must be taken to avoid the over- 
lay of the clock edge with the changing outputs. If a latch follows 
the ADC, the positive half of the clock used as enable signal 
guarantees stable output at the end of the enable pulse. 
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CHARACTERIZATION CHARTS 
Unless Otherwise Specified: Vpp = 5 V, Fs = 15 MHz (50% Duty Cycle) 
VREF(+) = 2-9 V, VRer(-) = GND, Temp = 25°C 


IDD (mA) 
0 


7 ez 
Tees | PT ew | 

—T 1 i ttt ft. 
—— 


0 2 4 6 8 10 12 14 16 18 20 
FS (MHz) 


Supply Current (IDD) 

vs. Sampling Rate (FS) 

vs. Temperature (T = —55, 25, 125°C) 
vs. Supply Voltage (VDD = 4, 5, 6V) 


VOUT/VIN (dB) SNR (dB) 
1 50 
tt! Fg=18 MHz | 


Fs = 15 MHz 
ay 1 10 100 
FIN (MHz) FIN (MHz) 
Input Sinewave Signal Attenuation Signal-to-Noise Ratio (SNR) 
vs. Input Bandwidth (FIN) vs. Input Bandwidth (FIN) 
vs. Sampling Rate (FS = 10, 15, 18 MHz) vs. Sampling Rate (FS = 10, 15, 18 MHz) 
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APPLICATION NOTES 


€ ® 
+V 
. 2 
LL Ci, Co 
CS == (Substrate) OFW 
ae Di 
DB7- DBO Digital 
Ri C1, Co 
C-) IL _ System 
= “ mel 4 +12 +12 
OE2 0 
RP 5k 
Vpp 18 4 
(05 mM — Cy Lp 
C; Co ay NE L> MPS010 
> 1} - R Co C, 
100 pF = 

Cy 10[LF - 7 
R; 5.6k 
Ro 5k 
Rp 220Q 1 
R; Line Termination Resistor = 
Ty 2N2222 AGND DGND 


MP8780 


Figure 9. Typical Circuit Connections 


The following information will be useful in maximizing the per- 
formance of the MP8780. 


1. No signals should exceed Vpp +0.5 V or GND —0.5 V. 7, 


2. Any input pin which can see a signal below GND or above 
Vpp should be protected by diode clamps (1N4148 or 
HP5082-2835) from input pin to the supplies. All MP8780 in- 
puts have input protection diodes which will protect the de- 


vice from short transients outside the supply range. 8. 


3. The design of aPC board will affect the accuracy of MP8780. 
Use of wire wrap is not recommended. 


4. Theanalog input signal (Vij) is quite sensitive and should be 


properly routed and terminated. It should be shielded from 9. 


the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


5. The analog input should be driven by a low impedance (less 
than 50Q). 


6. Analog and digital ground planes should be substantial and 
common atone point only. The ground plane should actas a 


shield for parasitics and not a return path for signals. Sepa- 
rate low impedance ground paths will reduce noise levels. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
In case a separate DVpp for the MP8780 cannot be pro- 
vided, then DVpp should be connected to AVpp next to the 
MP8780. 


DVpp and AVpp are connected inside the MP8780 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1L.F) anda tantalum (10ULF) ca- 
pacitor as close to the device as possible. 


10. The digital output should not be driving long wires as the ca- 


pacitive coupling and reflection will contribute noise to the 
conversion. When driving distant loads, buffers should be 
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Figure 10. Video Digitizer 


1N4148 (any diode would do) 
2N3903, 2N3904 
2N3905, 2N3906 
EL2030 (others under test) 


Dy 

Ty 

T2 

U; 

Rr 75Q 
Rew 7502 
Rg 7502 
Roc1 100kQ 
Roce 100kQ 
R,  5.6k 
Ro 5k 
Rp 2202 
Ry 3902 


DB7-DBO DAC A/DAC B 
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FEATURES 


e 10-Bit Resolution 

e 5 MHz Sampling Rate 

e DNL = +1 LSB, INL = +2 LSB 

e Internal S/H Function 

e Single 5 V Power Supply 

e Vin DC Range: 0 V to Vpp 

e Veer DC Range: 1 V to Vpp 

e Low Power: 175 mW 

e Bipolar Range using RTS & RBS; +1.4 V to -1.4 V 


e R1-R7 Reference Ladder Taps (1/8th — 7/8th points) 


e Aperture Delay Sync Signal 

e MINV & LINV Digital Output Format Controls 
e PHASE Control 

e Overflow and Underflow bits 

e Dual 3-State Controls (OE1 & OE2) 

e Three-State Digital Outputs 

e Latch-Up Free 

e 3 V Version: MP87L82 


GENERAL DESCRIPTION 


The MP8782 is a full featured 10-bit, 5 MSPS, 
Analog-to-Digital Converter for applications that require high 
speed and high accuracy. Designed using an advanced 5 V 
CMOS process, this part offers excellent performance, low 
power consumption and latch-up free operation. 


The MP8782 uses a subranging architecture to maintain low 
power consumption at high conversion rates. Our proprietary 
comparator design achieves a low analog input capacitance. 
The input circuitry of the MP8782 includes a S/H function and 
internal resistors that allows this part to digitize analog input 
signals between — Vrtz to Vpp using a single supply. 

( Unipolar and Bipolar Conversion capability) 


ORDERING INFORMATION 


Package 
Type 


Temperature DNL INL 
Range Part No. (LSB) (LSB) 


parp | -4010+85°C_|  Mpe782Ac 


MP8782 


CMOS 
5 MSPS, 10-Bit High Speed 
Analog-to-Digital Converter 


APPLICATIONS 


e Digital Color Copiers 

e Digital Cellular Telephones 

e Precision CCDs and Scanners 
e Medical Scanners 

e Ultrasonics 

e Digital Radio 


BENEFITS 


e Simplified Analog Design 

e Rugged 

e Few External Components, no S/H Needed 
e Reduced Board Space 


The designer can choose the internally generated reference 
voltages, or provide external reference voltages to the Vag and 
Vat pins. The internal reference generates 1.0 V at Vag and 
4.0 V at V_z. Providing external reference voltages allows easy 
interface to any input signal range between AGND and AVpp. 
This also allows the system to cancel zero scale and full scale 
errors. The Reference Ladder taps (R1 to R7) can be used to 
externally trim any INL errors, or to shape the A/D converter 
transfer function. 


This device operates from a single 5 V supply. Power 
consumption from a5 V supply is typically 175 mW at Fs=5MHz, 
and only 150 mW at Fs=1MHz. 
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SIMPLIFIED BLOCK DIAGRAM 


AVpp AGND 
@ OO) 


TRES1 


VrtTs 


VRT 


R7 2 MSB 
3 Comparators > D9 
' g Encoder 
: Le and 
: ud Error 
' oc : 
: Corea. DB8-DBO 
' » 
i] 
R1 


UFCS 


VRB 


VrBs 


BRES1 


VIN ApertureCLK Phase 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


See the following page 
for pin #s and 
descriptions 


44 Pin PQFP 
Q44 
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PIN OUT DEFINITIONS 


LPINNO.| NAME DESCRIPTION 


Vat Top of Ladder 
R7 Reference Ladder Tap @ 7/8 
R6 Reference Ladder Tap @ 3/4 
R5 Reference Ladder Tap @ 5/8 
R4 Reference Ladder Tap @ 1/2 

Analog Power Supply 
AIn Analog Input 

Analog Ground 
R3 Reference Ladder Tap @ 3/8 
R2 Reference Ladder Tap @ 1/4 
R1 Reference Ladder Tap @ 1/8 
Vres Bottom Bias Resistor Terminal 2 
N/C No Connection 
VreB Bottom of Ladder 
Bres1 Bottom Bias Resistor Terminal 1 
DGND Digital Ground 
OE2 Output Enable 2 (Input, Active High) 
OET Output Enable 1 (Input, Active Low) 
UFW Underflow (Output) 
DBO Data Output Bit 0 (LSB) 
DB1 Data Output Bit 1 
N/C No Connection 
DB2 Data Output Bit 2 
DB3 Data Output Bit 3 
DB4 Data Output Bit 4 
N/C No Connection 
PHASE Clock Polarity Control (Input) 
LINV Non MSB Digital Output Format (Input) 
MINV MSB Digital Output Format (Input) 
N/C No Connection 
DB5 Data Output Bit 5 
DB6 Data Output Bit 6 
DB7 Data Output Bit 7 
N/C No Connection 
N/C No Connection 
DB8 Data Output Bit 8 
DB9 Data Output Bit 9 (MSB) 
OFW Overflow (Output) 
CLK Clock Input 
Aperture Aperture Delay Sync (Output) 
DVpp Digital Power Supply 
Tres1 Top Bias Resistor Terminal 1 
Vrts Top Bias Resistor Terminal 2 
N/C No Connection 


ONooahWNDN — 


The MP8782 is the full featured version of Exar’s 5 MSPS 10-bit A/D Converter. The MP8784 is one alternate pinout with 
reduced pin count and reduced features. 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 5 MHz (50% Duty Cycle), 
Vert = 4.0, Vag = 1.0, TA = 25°C 


Symbol i Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A, S Grades)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 

(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


ep 
ie8) 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient 
Top Internal Reference 
Bottom Internal Reference 


VreF = Vat — Vee 


Vat connected to Vats & 
Vrs connected to Vags 


~~ YS =< 


ANALOG INPUT2 


Input Bandwidth (—1 dB)4 

Input Voltage Range 

Input Capacitance Sample° 

Input Capacitance Convert® 

Aperture Delay 

Aperture Delay from Aperture Out 5pF Load 
Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE7, MINV, LINV 
(Internal Res to DGND)? 
OE2, Phase 
(Internal Res to DVpp)’ 
Input Capacitance 
Clock Timing (See Figure 1) 
Clock Period 
Rise & Fall Time® 
“High” Pulse Width 
“Low” Pulse Width 
Duty Cycle 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C 
Symbol Min Typ Max sic Test Conditions/Comments 


ILoap = 4 mA 
ILOAD =4mA 


VouT=DGND to DVpp 


Logical “1” Voltage 
Logical “0” Voltage 
Tristate Leakage 
Data Valid Delay 
Data Enable Delay 
Data Tristate Delay 


POWER SUPPLIES 


Operating Voltage 
(AVpp, DVpp)®: 1° 
Current (AVpp + DVpp) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (VpeF/1024) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 —1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vin equivalent circuit (Figure 8.). Switched capacitor analog input requires driver with low output resistance. 

6. All inputs have diodes to DVpp and DGND. Input OE has internal pull down. Input DC currents will not exceed specified limits for any 

input voltage between DGND and DVpp. 

Internal resistor to DGND biases unconnected input to active low logical level. 

Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

The AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 

The AVpp & DVpp pins should go to the same voltage and separately decoupled. 


- © ON 


Oo 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Woo OIGND scriccacstecckecasonsanewnaannavexas +7V Storage Temperature ................... —65 to +150°C 
RTS & RBS terminals .......... Vpop +0.5 to GND —0.5 V PQFP Packaae Dissipation @ 75°C 

Vili exec eeeundereeseaee cannes Vpp +0.5 to GND —0.5 V 9 a pena ee SEER T CEES sai ~~ 
All Inputs .............-.ee00e- Vpp +0.5 to GND -0.5 V Derates above 75°C ....... cece eee 11mW/°C 
All Outputs ....css.enussansace Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. Thisisa 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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CLK N+ 1 N+2 
Pipeline Delay 
tap N+1 
Analog a 
Input . 
Sampling A 
VIN Points 


DATA (“at 
(DB0-DBS) N-3 N-2 N-1 N+1 


OE 
DATA 
(DBO-DB9) 
High _, 
Impedance 
Figure 2. 3-State Timing Diagram 
Output 
DNL| LSB Codes Best Fit Line 
V 7 
sil Real Transfer Line 
Analog 6 
Input 
Vin) P 
Output lal 4 
Codes N 
N—-1 3 Ideal Transfer Line 
Code Width (N) = Vn41) — Vin) 2 
LSB =[ Var —Vr_p]/ 1024 
{ 
DNL = [ Vin+1) — Vin) ] - LSB y, 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
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APPLICATION NOTES 


Vin signals should not exceed AVpp +0.5V or go below 
AGND -0.5V. All pins have internal protection diodes that will 
protect them from short transients (<100us) outside the supply 
range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (AVpp) and reference voltage (Vat & Vrs) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 


R7 
768 
R6 
R5 = 
Digital 
Code 9°12 


R4 MP8782 


R3 


R2 


R1 


DAC MP7228 


Only the Ladder detail shown. 


Figure 5. A/D with Programmed Ladder Control for 


Creating a Piecewise Linear Transfer Function 


y Rev.20 fF ff 4 ff ff 


Capacitive coupling and reflections will contribute noise to the 
conversion. 


The application resistors, RTS and RBS allow for applied 
voltages in the range of AVpp + 5 V to AGND — 5V. If the internal 
reference pins Vats and/or Vags are not used they should be 
left unconnected. 


The reference tap pins (R1-R7) should be decoupled with 
0.1uF to 1uF capacitors. This will help stabilize the internal 
reference voltages thus reducing any INL errors. 


The reference tap pins (R1-R7) can be used to create 
piecewise-linear transfer functions. By forcing custom voltages 
on these pins, an eight segment transfer function can be made. 
See Figure 5. and Figure 6. 


1023 


256 


Figure 6. A Piecewise Linear, 
Logarithmic Transfer Function 


TOM’ 


MP8782 
Ma 


OPTIONS on the 8782 DIE & OPERATION NOTES: — 


OFW & UFW Overflow & Underflow (outputs) 


These signals indicate when the Analog Input (Vij) goes 
outside the Vag to Vaz range. Both pins are normally at low logic 
levels. When Vix > Vat, OFW will go high and the data bits (DBO 
— DB) will show full scale (i.e. all 1s if MINV & LINV are low). 
When Vin < Vag, UFW will go high and the data bits will show 
negative full scale (i.e. all Os if MINV & LINV are low). 


OET & OE2 Output Enable (inputs) 


These signals control the 3-state drivers on the digital outputs 
DBO — DB9, OFW and UFW. During normal operation OET 
should be held low and OE2 should be held high so that all 
outputs are enabled (NOTE: internal resistors will pull OE1 and 
OE2 to these levels if they are not connected). When OE7 is 
driven high DBO — DB9Y go into high impedance mode. When 
OE2 is driven low DBO — DBY, OFW and UFW all go into high 
impedance mode (please refer to the truth table below). These 
controls operate asynchronous to the clock and they only 
control the output drivers. The internal output register will get 
updated if the clock is running while the outputs are in 3-state 
mode. 


a 


a A 


PHASE Clock Polarity Control (input) 


This signal controls the phase relationship between the 
signal applied at the CLK pin and the internal clock signals. 
When PHASE is high, Viy is sampled at the high to low CLK 
transition and the digital data changes after a low to high CLK 
transition. When PHASE is low, Vij is sampled at the low to high 
CLK transition and the digital data changes after a high to low 
CLK transition. See timing diagram Figure 7. PHASE has an 
internal pull up device. 


Phase = High 


Sample 


CLK | | Compare | | 


Phase = low 
Compare 


CLK | | Sample | | 


Figure 7. Clock Phase Relationship 


Vin20 ff J 7 ff 7 


APERTURE Aperture Delay Sync (output) 


This signal is high when the internal sample/hold function is 
sampling Vij, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference 
ladder). The value of Vijy at the high to low transition of 
APERTURE is the value that will be digitized. A system can 
monitor this signal and adjust the CLK to accurately synchronize 
the sampling point to an external event. 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vix is sampled at the high to low clock transition and 
the digital data changes at the low to high clock transition. The 
diagram Figure 8. shows an equivalent input circuit. 


AVpp 


pe 18pF 100Q 


VIN 


SpF CL 
Vat+Vrp +f 
= 2 


1.5pF ‘on 


AGND 


Figure 8. Equivalent Input Circuit 


MINV & LINV Digital Output Format (inputs) 


These signals control the format of the digital output data bits 
DBO —DB9 (see Table 1.) Normally both pins are held low so the 
data is in straight binary format (all OSs when Vijy=Vpp; all 1s 
when Viy=Vrp/rt). If MINV is pulled high, then the MSB (DB9) will 
be inverted. If LINV is pulled high, then the LSB’s (DBO — DB8) 
will be inverted. The OFW and UFW bits are not affected by 
these signals. 


TOM 


binary 


inverted 
2’s complement 


MP8782 


inverted 
binary 


2’s complement 


Table 1. Output Data Format Truth Table 


MINV & LINV are meant to be static digital signals. If they are 
to change during operation, they should only change when the 
CLK is low (assuming PHASE is high, if PHASE is low then 
these signals should only change when CLK is high). Changing 
MINV and/or LINV on the wrong phase of the CLK will not hurt 
anything, but the effects on the digital outputs will not be seen 
until the output latch of the output register is enabled. See the 
simplified logic circuit Figure 9. MINV and LINV have internal 
pull down devices. 


MINV or LINV 


DBO-DB9 


3-state 
driver 


CLK 


Phase 


Figure 9. MINV, LINV Simplified Logic Circuit 


RTS & RBS Internal Bias Resistors 


Two matched resistors are provided on the chip. These 
resistors can be used to generate on chip reference voltages, or 
to extend the analog input range. Each resistor has a value 
equal to 1/3 of the reference ladder resistor. 


By connecting RTS between AVpp (5 volts) and Var, and 
connecting RBS between AGND and Vjpg, the reference ladder 
will be biased to 1 volt at Vag and 4 volts at Var. 


A bipolar input range (+Vp_t to —V_t) can be achieved by 
connecting RTS and RBS as shown in Figure 10. (a) and (b), 
and fixing Vz with a positive reference voltage. Due to current 
density limitations for RTS and RBS, Vpz should be limited to 
+1.4 volts in this configuration. The protection pads used for the 


Vin. f J J ff 7 f 


resistor terminals are designed to allow voltages that go beyond 
the supply rails. 


VAT 
RTS 
VIN Ladder 
RBS 
VRB 
Bipolar = 
Input ~ 


(a) Bipolar Input Configuration 


Ladder 


Bipolar 
Input 


Figure 10. (b) Bipolar Input Connections 


R1thruR7 Reference Ladder Taps. These taps connect to 
every eighth point along the reference ladder; R1 is 1/8th up 
from Vprp, R7 is 7/8ths up from Veg (or 1/8th down from Vprz). 
Normally these pins should have 0.1 uF capacitors to AGND, 
this helps reduce the INL errors by stabilizing the reference 
ladder voltages. These taps can also be used to alter the 


transfer curve of the ADC. An eight segment, piecewise linear, 
custom transfer curve can be designed by connecting voltage 
sources to these pins. 
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PERFORMANCE CHARACTERISTICS 
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Graph 11. INL Error Plot 
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CMOS 
» ~<a EXAIR 5 MSPS, 10-Bit, High Speed 
/N Analog-to-Digital Converter 


FEATURES APPLICATIONS 


e 10-Bit Resolution e Digital Color Copiers 

e 5 MHz Sampling Rate e Digital Cellular Telephones 

e DNL = +1 LSB, INL = +2 LSB e Precision CCDs and Scanners 

e Internal S/H Function e Medical Scanners 

e Single 5 V Power Supply e Ultrasonics 

e Vin DC Range: 0 V to Vpp e Digital Radio 

e Vref DC Range: 1 V to Vpp 

e Low Power: 175 mW BENEFITS 

e Three-State Digital Outputs e Simplified Analog Design 

e Latch-Up Free e Rugged ~ 

e 3V Version: MP87L84 e Few External Components, no S/H Needed 3 
e Reduced Board Space 


GENERAL DESCRIPTION The designer can choose the internally generated reference 
voltages, or provide external reference voltages to the Vag and 


Vatpins. The internal reference generates 1.0 V at Vap and 4 
V at Vat. Providing external reference voltages allows easy 
interface to any input signal range between GND and Vpp. This 
also allows the system to cancel zero scale and full scale errors. 
The Reference Ladder taps (R1 to R3) can be used to externally 
trim any INL errors. 


The MP8784 is a 10 bit, 5 MSPS, Analog-to-Digital Converter 
for applications that require high speed and high accuracy. 
Designed using an advanced 5 V CMOS process, this part offers 
excellent performance, low power consumption and latch-up 
free operation. 

The MP8784 uses a subranging architecture to maintain low 


power consumption at high conversion rates. Our proprietary 
comparator design achieves a low analog input capacitance. 


The input circuitry of the MP8784 includes an on-chip S/H This device operates from a single 5 V supply. Power 
function that allows this part to digitize analog input signals consumption froma 5 V supply is typically 175 mW at Fs=5MHz, 
between AGND and AVpp. and only 150 mW at Fs=1MHz. 


SIMPLIFIED BLOCK DIAGRAM 
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eel Encoder F/F 
| Capper 
Comparators Q 
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ORDERING INFORMATION 


PIN CONFIGURATIONS 


SOIC 


DBO (LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DB8 
DB9 (MSB) 
CLK 


24 Pin PDIP (0.300”) 


NN24 


PIN OUT DEFINITIONS 


oe DESCRIPTION 


ON OO fF WwW DY — 


Output Enable 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 

Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 

Data Output Bit 6 

Data Output Bit 7 

Data Output Bit 8 

Data Output Bit 9 (MSB) 
Clock Input 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


DGND OE 
Gees DBO (LSB) 
Vass DB1 
R1 DB2 
AGND DB3 
Win DB4 
AVpp DB5 
R2 DB6 
R3 DB7 
VAT DB9 Pn 
VrTS ( ) 
DVpp CLK 
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See Packaging Section for Package Dimensions 


24 Pin SOIC (Jedec, 0.300’) 


$24 


Sune} bai DESCRIPTION 


Digital Power Supply 

Top Internal Reference 
Top of Reference 

3/4 Reference Tap Point 
1/2 Reference Tap Point 
Analog Power Supply 
Analog Input Voltage 
Analog Ground 

1/4 Reference Tap Point 
Bottom Internal Reference 


Bottom of Reference 


Digital Ground 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 5 MHz (50% Duty Cycle), 
Vert = 4.0, Vag = 1.0, TA = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 

Negative Ref. Voltage 

Differential Ref. Voltage? Vrer = Vat — Vr\B 
Ladder Resistance 

Ladder Temp. Coefficient@ 

Top Internal Reference Vat connected to Vats & 
Bottom Internal Reference Vrp connected to Vags 


ANALOG INPUT2 


Input Bandwidth (—1 dB)4 
Input Voltage Range 

Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay 

Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE (Internal Res to DGND)’ 
Input Capacitance 
Clock Timing (See Figure 1) 
Clock Period 
Rise & Fall Time® 
“High” Pulse Width 
“Low” Pulse Width 
Duty Cycle 


DIGITAL OUTPUTS Couy=15 pF 


Logical “1” Voltage : lLloap = 4 mA 

Logical “0” Voltage : lLoap = 4 MA 

3-state Leakage Vout=DGND to DVpp 
Data Valid Delay? 

Data Enable Delay 

Data 3-state Delay 


F220 ff ff / TO)M 
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POWER SUPPLIES 


Operating Voltage 
(AVpp, DVpp)® 19 
Current (AVpp + DVpp) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vj). The difference between the measured and the 
ideal code width (Vp¢eF/1024) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 —1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

° See Vy equivalent circuit (Figure 8.). Switched capacitor analog input requires driver with low output resistance. 

6 Allinputs have diodes to DVpp and DGND. Input OE has internal pull down. Input DC currents will not exceed specified limits for any 
input voltage between DGND and DVpp. 

7 — Internal resistor to DGND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

9 The AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 

10 The AVpp & DVpp pins should be tied together at the package. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


VoptO'GND sicscvcsecdouvsnnasewnsakeueae shea xe +7V Storage Temperature ................... —65 to +150°C 
Ver & VAR nscseners rave ranes es Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating to 75°C 

Ws tiectne eeaeeiAee sane eee ss Vpp +0.5 to GND —0.5 V PIP. SONG. csenageoencs 6 BK anes seeee de 1000 mW 
BUVAGUIS ocosccis cs cewavdecius Vpp +0.5 to GND —0.5 V Derates above 75°C ........ ccc cece 14mW/°C 
AIOuUIUIS .nuicavsaeeonnnue ns Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
NOTES: 

| Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

: Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Pipeline Delay 
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(DB0-DB9) N-3 N-2 N-1 C oN X Net 


Figure 1. MP8784 Timing Diagram 
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Figure 2. 3-State Timing Diagram 
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Output 


Codes Best Fit Line 


DNL LSB 
V(N+1) i 
Real Transfer Line 
Analog 6 
Input 
VN) 5 
Output pall 4 
Codes N 
N—-1 3 Ideal Transfer Line 
Code Width (N) = Vin+1) — Vi 2 
LSB =[ Vat — Vrs] / 1024 
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APPLICATION NOTES 


Signals should not exceed AVpp or DVpp +0.5V or go below 
DGND or AGND -0.5V. All pins have internal protection diodes 
that will protect them from short transients (<1001s) outside the 
supply range. 

AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 

The power supply (AVpp) and reference voltage (Vat & Vrs) 
pins should be decoupled with 0.1u.F and 10uF capacitors to 
AGND, placed as close to the chip as possible. 

The digital outputs should not drive long wires or buses. The 
capacitive coupling and reflections will contribute noise to the 
conversion. 


Vin Analog Input 

This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vj y is sampled at the high to low clock transition. 
Figure 8. shows an equivalent input circuit. 
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Figure 8. Equivalent Input Circuit 
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Figure 7. A Piece Wise Linear, 
Logarithmic Transfer Function 


RTS & RBS Internal Bias Resistors 


Two matched resistors are provided on the chip. These 
resistors can be used to generate on chip reference voltages. 
Each resistor has a value equal to 1/3 of the reference ladder 
resistor. By connecting RTS to V_z, andconnecting RBS to Vpp, 
the reference ladder will be biased to 1 volt at Vag and 4 volts at 


Vet: 
If the internal reference pins Vars and/or Vags are not used 
they should be left unconnected. 


R1 thru R3 Reference Ladder Taps 


These taps connect to every eighth point along the reference 
ladder; R1 is 1/4th up from Vag, R3 is 3/4ths up from Vrp (or 
1/4th down from Vprt). Normally these pins should have 0.1 
microfarad capacitors to Vss; this helps reduce the INL errors by 
stabilizing the reference ladder voltages. These taps can also 
be used to alter the transfer curve of the ADC. A four segment, 
piecewise linear, custom transfer curve can be designed by 
connecting voltage sources to these pins. 
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Graph 6. 3-State Delay vs. Temperature 
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FEATURES 


e 10-Bit Resolution 

e 15 MHz Sampling Rate 

e DNL = +1 LSB, INL = +2 LSB 
e Internal S/H Function 

e Single 5 V Power Supply 

e Vin DC Range: 0 V to Vpp 

e Veer DC Range: 1 V to Vpp 
e Low Power: 175 mW 

e Three-State Digital Outputs 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP8784A is a 10 bit, 15 MSPS, Analog-to-Digital 
Converter for applications that require high speed and high 
accuracy. Designed using an advanced 5 V CMOS process, this 
part offers excellent performance, low power consumption and 
latch-up free operation. 

The MP8784A uses a subranging architecture to maintain 
low power consumption at high conversion rates. Our 
proprietary comparator design achieves a low analog input 
capacitance. The input circuitry of the MP8784A includes an 
on-chip S/H function that allows this part to digitize analog input 
signals between AGND and AVpp. 


SIMPLIFIED BLOCK DIAGRAM 
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MP8784A 


CMOS 
15 MSPS, 10-Bit, High Speed 
Analog-to-Digital Converter 


APPLICATIONS 


e Digital Color Copiers 

e Digital Cellular Telephones 

e Precision CCDs and Scanners 
e Medical Scanners 

e Ultrasonics 

e Digital Radio 


BENEFITS 


e Simplified Analog Design 

e Rugged 

e Few External Components, no S/H Needed 
e Reduced Board Space 


The designer can choose the internally generated reference 
voltages, or provide external reference voltages to the Vag and 
Vatpins. The internal reference generates 1.0 V at Vap and 4 
V at Vpat. Providing external reference voltages allows easy 
interface to any input signal range between GND and Vop. This 
also allows the system to cancel zero scale and full scale errors. 
The Reference Ladder taps (R1 to R3) can be used to externally 
trim any INL errors. 


This device operates from a single 5 V supply. Power 
consumption from a 5 V supply is typically 175 mW at Fso=15 
MHz. 


DB9 (MSB) 


DBO (LSB) 


TOM 
Planned 


MP8784A 


ORDERING INFORMATION 


PIN CONFIGURATIONS 


OE 
DBO (LSB) 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
DB8 
DB9 (MSB) 
CLK 


24 Pin PDIP (0.300”) 
NN24 


PIN OUT DEFINITIONS 


Output Enable 


Data Output Bit 0 (LSB) 


Data Output Bit 1 
Data Output Bit 2 
Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 
Data Output Bit 8 


Data Output Bit 9 (MSB) 


Clock Input 


DGND OE 
Gos DBO (LSB) 
VRBS DBI 
R1 DB2 
AGND DB3 
VIN DB4 
Avon DBS 
R2 DB6 
R3 DB7 
Vat DB8 
— DBO (MSB) 
DVpp CLK 


3-208 


oOo nN Oa F&F WD — 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


Plastic Dip —40 to +85°C MP8784AAN 
SOIC —40 to +85°C MP8784AAS 


See Packaging Section for Package Dimensions 


Vats 


24 Pin SOIC (Jedec, 0.300”) 


S24 


utes #||«~| Power Supply 
Top Internal Reference 
Top of Reference 

3/4 Reference Tap Point 
1/2 Reference Tap Point 
Analog Power Supply 
Analog Input Voltage 


Analog Ground 


1/4 Reference Tap Point 
Bottom Internal Reference 
Bottom of Reference 


Digital Ground 
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FEATURES 


e 8-Bit Resolution 

e 20 MHz Sampling Rate 

e DNL = +1/2 LSB, INL = +1 LSB (typ) 
e Internal S/H Function 

e Single Supply: 5 V 

e Vin DC Range: 0 V to Vpp 

e Vper DC Range: 1 V to Vpp 

e Low Power: 85 mW typ. (excluding reference) 
e Latch-Up Free 

e ESD Protection: 1500 V Minimum 

e 20 Pin Package Available: MP8775 
e Power Down Available: MP8776 

e 3 V Version: MP87L85 


GENERAL DESCRIPTION 


The MP8785 is an 8-bit Analog-to-Digital Converter. 
Designed using an advanced 5 V CMOS process, this part offers 
excellent performance, low power consumption and latch-up 
free operation. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP8785 includes an on-chip S/H function which allows 
the user to digitize analog input signals between AGND and 
AVpp. Careful design and chip layout have achieved a low ana- 
log input capacitance. This reduces “kickback” and eases the 
requirements of the buffer/amplifier used to drive the MP8785. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
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APPLICATIONS 


e Digital Color Copiers 
e Cellular Telephones 

e CCD’s and Scanners 
e Video Capture Boards 


The designer can choose the internally generated reference 
voltages by connecting Vrp to Vags and Vpzto Vpats, or provide 
external reference voltages to the Vag and Vpzy pins. The 
internal reference generates 0.6 V at Vag and 2.6 V at Var. 
Providing external reference voltages allows easy interface to 
any input signal range between AGND and AVpp. This also 
allows the system to adjust these voltages to cancel zero scale 
and full scale errors, or to change the input range as needed. 


The device operates from a single +5 V supply. Power con- 
sumption is 85 mW at FS = 20 MHz. 

Specified for operation over the commercial / industrial (—40 
to+85°C) temperature range, the MP8785 is available in Plas- 
tic dual-in-line (PDIP) and Surface Mount (SOIC) packages in 
EIAJ and Jedec. 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 
SOIC (EIAd) 


GC 
SOIC (Jedec —40 to +85°C MP8785AS +3/4 1 We 
Plastic Dip (0.300”) | —40 to +85°C MP8785AN +3/4 11/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 
OE DGND OE 1 DGND 
DGND VRB DGND 2 VRB 
DBO (LSB) VRBS DBO (LSB) 3 VRBS 
DB1 AGND DBI 4 AGND 
DB2 AGND DB2 5 AGND 
DB3 VIN DB3 6 VIN 
DB4 AVop DB4 7 AVop 
DB5 VRT DB5 8 VRT 
DB6 VRTS DB6 9 VRTS 
DB7 (MSB) AVppD DB7 (MSB) AVop 
DVpp AVDD DVpbpb AVbpD 
CLK DVppD CLK DVpp 
24 Pin PDIP (0.300”) 24 Pin SOIC (EIA, 0.300”) — RN24 
NN24 24 Pin SOIC (Jedec, 0.300”) — S24 


PIN OUT DEFINITIONS 


LPINNO.| NAME DESCRIPTION PINNO.| NAME DESCRIPTION 
13 


OE Output Enable 
DGND Digital Ground Analog Power Supply 

DBO Data Output Bit 0 (LSB) Analog Power Supply 

DB1 Data Output Bit 1 Generates 2.6 V if tied to Vay 
DB2 Data Output Bit 2 Top Reference 

DB3 Data Output Bit 3 Analog Power Supply 

DB4 Data Output Bit 4 Analog Input 

DB5 Data Output Bit 5 Analog Ground 

DB6 Data Output Bit 6 Analog Ground 

DB7 Data Output Bit 7 (MSB) Generates 0.6 V if tied to Vag 


Digital Power Supply 


OoOnN OO fF WO YP — 


DVpp Digital Power Supply Bottom Reference 
Sampling Clock Input Digital Ground 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 15 MHz (50% Duty Cycle), 


Vert = 2.6 V, Vag = 0.6 V, Ta = 25°C 

Symbol Min Typ Max gives: | Test Conditions/Comments 
Bits 
MHz 


KEY FEATURES 
@ 15 MHz 


@ 10 MHz 
Best Fit Line 
(Max INL — Min INL)/2 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Differential Non-Linearity 
Integral Non-Linearity 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 

Short Vag and Vags 

Short V_atz and Vats 
Self Bias 2 

Vrp = AGND, 
Short Vat and Vats 


Vrer = Vat— VrB 


MHz 
V 
pF 


Vin=DGND to DVpp 


ANALOG INPUT 


Input Bandwidth (—1 dB)4 
Input Voltage Range 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® 
CLK 
OE 
Input Capacitance 
Clock Timing (See Figure 1.)’ 
Clock Period 
High Pulse Width 
Low Pulse Width 


DIGITAL OUTPUTS Cou=15 0F 


ILOAD =4mA 
lLloap = 4mMA 
VouT=DGND to DVpp 


Logical “1” Voltage 
Logical “O” Voltage 
3-state Leakage 

Data Valid Delay? ® 
Data Enable Delay? 
Data 3-state Delay? 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


i 


AC PARAMETERS 


Differential Gain Error 2 FS=4xNTSC 
Differential Phase Error FS =4xNTSC 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 
Current (AGND + DGND) Does not include ref. current 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (Vpe¢/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 —1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

° See Vy input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

6 Allinputs have diodes to DVpp and DGND. Input DC currents will not exceed specified limits for any input voltage between 
DGND and DV pp. 

7 tp, te should be limited to >5 ns for best results. 

8 Depends on the RC load connected to the output pin. 

9 AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


Veg GND scesvencksevore cen sntnretestaeaweress 7V Storage Temperature ................... —65 to +150°C 
Wee Voi occcssasusviteaneoes Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
OL, cttaekannese peedeseseeeeee Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

AU WIGS axon caer se cavacwn ges Vpp +0.5 to GND —0.5 V PUIP, SOUS csaeenwedvesockeetenswedaesens 850mW 
AlbOutputs ...20cxvecssseeuces Vpp +0.5 to GND -0.5 V Derates above 75°C ................0005. 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 5. Equivalent Input Circuit 


APPLICATION NOTES 


Signals should not exceed Vpp +0.5V or go below GND 
—0.5V. All pins have internal protection diodes that will protect 
them from short transients (<100us) outside the supply range. 


AGND and DGND pins are connected internally through the 
P-substrate. DC voltage differences between GND pins will 
cause undesirable internal substrate currents. 


The power supply (Vpp) and reference voltage (Var & Vrp) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. 


Vin. J f ff 7 f 
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MP8785 
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VrBs 
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Figure 6. Typical Circuit Connections 


It is possible for the data valid delay (tp,_) to be equal to or 
greater than the high pulse width of the sampling clock (tpywy), 
See Figure 1. This can cause timing related errors. For sample 
rates above 14 MSPS, use only the rising edge of the sample 
clock (CLK) to latch data from the MP8785 to other parts of the 
system. 


The reference can be biased internally by shorting Vp7 to 
Vats and Ves to VpBs:- This will generate 0.6 V at Vrp and 2.6 V 
at Vat (see Figure 5.). 


If the internal reference pins Vpats and/or Vags are not used, 
they should be left unconnected. 


The output enable pin (OE) should not be left unconnected. If 
not controlled by an active signal then it must be tied to DGND. 
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Graph 1. DNL vs. Sampling Frequency 
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FEATURES 


e 8-Bit Resolution 

e Sampling Rate to 30 MHz 

e Low Power: 110 mW typ. (excluding reference) 
e Power Down Mode: 100A (typ) 

e DNL = +1/4 LSB, INL = +1/2 LSB (typ) 
e Internal S/H Function 

e Single Supply: 5 V 

e Vin Range: 0 V to Vpp 

e Vrer Range: 1 V to Vpp 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 

e 3 State Digital Outputs 


GENERAL DESCRIPTION 


The MP8786 is an 8-bit Analog-to-Digital Converter designed 
for high speed digitizing applications requiring low power. The 
MP8786 offers exceptional performance, flexible input architec- 
ture, low power consumption, power down capability, latch-up 
tolerant operation and is manufactured using an advanced 5 volt 
CMOS process. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP8786 includes an on-chip S/H function which allows 
the user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 
capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP8786. 


The designer can choose the internally generated reference 
voltages by connecting Vrap to Vags and Vp)z to Vats, or provide 
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30 MSPS, 8-Bit High Speed, Low Power 


Analog-to-Digital Converter with Power Down 


e 3 V Version: MP87L86 
e Improved Version of MP8785 


APPLICATIONS 


e Wireless Communications 
e Digital Cellular Telephones 
e Telecommunications 

e CCDs and Scanners 

e Video Boards 

e Digital Color Copiers 

e Battery Powered Devices 


external reference voltages to the Vag and Vez pins. The inter- 
nal reference generates 0.6 V at Vag and 2.6 V at Vaz. Providing 
external reference voltages allows easy interface to any input 
signal range between GND and Vpp. This also allows the sys- 
tem to adjust these voltages to cancel zero scale and full scale 
errors, or to change the input range as needed. 


When board space is at a premium, designers may prefer to 
use the MP8776 which is available in a 20 pin package. 


The device operates from a single +5 volt supply. Power con- 
sumption is 110 mW (typ) at FS = 20 MHz. Power down is ac- 
complished by dropping Vptz below 0.55 V. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP8786 is available in sur- 
face mount (SOIC) in Jedec and EIAJ, shrink small outline 
(SSOP) and plastic dual-in-line (PDIP) packages. 
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ORDERING INFORMATION 
Package Temperature 
Type Range 


Plastic Dip 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


OE DGND OE 1 DGND 
DGND VRB DGND 2 VRB 
DBO (LSB) VRBS DBO (LSB) 3 VRBS 
DB1 AGND DB1 4 AGND 
DB2 AGND DB2 5 AGND 
DB3 VIN DB3 6 VIN 
DB4 AVDD DB4 7 AVbb 
DB5 VRT DB5 8 VRT 
DB6 VRTS DB6 9 VRTS 
DB7 (MSB) AVppD DB7 (MSB) AVopb 
DVbD AVbDD DVpp AVoD 
CLK DVbD CLK DVpbp 
24 Pin PDIP (0.300”) 24 Pin SOIC (EIAd, 0.300”) — RN24 
NN24 24 Pin SOIC (Jedec, 0.300”) — S24 


24 Pin SSOP — A24 


PIN OUT DEFINITIONS 


LPINNO.| _ NAME _ DESCRIPTION LPINNO.| _NAME_ DESCRIPTION 
1 | OE i 


Output Enable 
Ground (outputs) Power Supply 
Data Output Bit 0 (LSB) Power Supply 
Data Output Bit 1 Generates 2.6 V if tied to Vay 


Digital Power Supply 


Data Output Bit 2 Top Reference 

Data Output Bit 3 Power Supply 

Data Output Bit 4 Analog Input 

Data Output Bit 5 Ground 

Data Output Bit 6 Ground 

Data Output Bit 7 (MSB) Generates 0.6 V if tied to Vag 


Power Supply (outputs) Bottom Reference 


oO ON DO KF WO DY 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 20 MHz (50% Duty Cycle), 
Vet = 2.6 V, Vrs = 0.6 V, Ta = 25°C 


. 25°C 
Symbol Min Typ Max Test Conditions/Comments 


KEY FEATURES 

Resolution 8 i 

Sampling Rate FS 0.01 For specified performance 
FS 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 


Vrer = Vat — VrB 


=e Ss eS 


Short VepB to Vass 

and Vert to Vats 

Short Vag to Vapgs 

and Vet to Vats 

Self Bias 2 Vrp=AGND, Short Va) and Vats 


< 


ANALOG INPUT? 


Bandwidth (—1 dB) 

Input Voltage Range 

Input Capacitance Sample° Clock High 
Input Capacitance Convert® Clock Low 
Aperture Delay 

Aperture Jitter 


DYNAMIC PERFORMANCE2 


Signal to Noise Ratio 

Signal to Noise plus Distortion 
Harmonic Distortion 

Effective No. of Bits 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE 

Input Capacitance 


Clock Timing (See Figure 6.)’ 
Clock Period For Specified Performance 


High Pulse Width For Specified Performance 
Low Pulse Width For Specified Performance 


TOM 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage . lLloap =4mMA 

Logical “O” Voltage : lLloap =4mMA 

3-state Leakage VouT=GND to DVpp 

Data Valid Delay?: ® 

Data Enable Delay: 8 

Data 3-state Delay: 8 

Pipeline Delay ; Constant relationship between 
clock and output 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 
Current (AVpp + DVpp) Does not include ref. current 


POWER DOWN 


Power Down Point ' , Chip goes to power down mode 
Power Up Point ; when Vert < 0.55 V 

Power Down Current Does not include ref. current 
Power Control Delay Vat @ 0.40.9 V 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VreF/256) is the DNL error (Figure 710.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 11.) Accuracy is a function of the sampling rate (FS). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

The bandwidth represents the gain of the ADC and does not imply accuracy 

See Vix input equivalent circuit (Figure 2.). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to Vpp and GND. Input DC currents will not exceed specified limits for any input voltage between 

GND and Vpp- 

7 tr, te should be limited to >5 ns for best results. 

8 Depends on the RC load connected to the output pin. 

9 AGND and DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Om WwW MY 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 1! 2:3 


Vege vecan eee hiseeuns ee eesabenwestre conan? 7V Lead Temperature (Soldering 10 seconds) ........ 300°C 
WAT ©) VAG «ce vorceeedeedenese< Vpp +0.5 to GND —0.5 V ; : “ 
nr, caau anne tuvmunwindarcatus Vpp +0.5 to GND -0.5 V Maximum Junction Temperature ................. 150°C 
Pl DING « cxcceareeecsanateces Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

ANOS cccccevesaevsodnees Vpp +0.5 to GND —0.5 V SOIC, PDIP, SSOP occ ednesteceseuswarvdna 750 mW 
Storage Temperature ................... —65 to +150°C Derates above 75°C .............. cece 10 mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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THEORY OF OPERATION 


Analog to Digital Conversion 


The MP8786 uses a two step, subranging architecture to 
convert analog voltages into 256 digital codes. 


A full conversion (sampling Vij, converting MSB & LSB, and 
performing any error correction) requires four clock cycles to 
complete (see Figure 6.) The pipelined architecture allows the 
chip to maintain a one conversion per cycle sample rate. Digital 
logic combines the MSB and LSB data and performs error 
correction to produce 8-bit output codes. 


Internal Reference Bias 


The MP8786 includes two on-chip resistors that can be used 
to bias the reference ladder without external circuitry. These two 
resistors are designed to track the reference ladder and are 
used to create a voltage divider between the supplies (AVpp and 
AGND). 


To use this feature simply connect Vptz to Vats and connect 
Vpp to Vaps. This will nominally generate: 
AVpp X (0.3/2.5) at Vee, and 
AVpp x (1.3/2.5) at Vat 
This will generate 0.6 V at Vag and 2.6 V at Vrrz (Figure 7.) 
Bypass capacitors on Vaz and Vprp are suggested to stabilize 
the ladder. 


If the internal reference pins Vpts and/or Vags are not used 
they should be left unconnected. 


1.2 x Ry 
VatTs 
VAT 
Re 
VRB 
VRBs 
0.3 x Ri 
AGND 


Figure 1. Internal Reference Bias 


Transfer Characteristics 


The ideal ADC is a linear building block that has infinite 
bandwidth and no phase distortion. A real ADC, however, 
exhibits finite bandwidth and non-constant group delay 
characteristics as well as non-linear behavior due to the 
non-zero INL characteristic. When modeling the ADC as a 
linear element anda quantizer, the circuit shown in Figure 2. can 
be used in order to represent the ADC’s spalbondtcasa 


MP8786 


Cik 2202 


“T un eh. mi 


Figure 2. Input Equivalent Circuit 


900 q CLK 


Sample and Hold Timing 


The ADC’s internal sample and hold tracks the input signal 
when CLKis high. After a delay of tap from the falling clock edge, 
the analog signal is sampled and held for conversion as seen in 
Figure 3. 


Figure 3. Sample and Hold Timing 


Output Enable (OE) 


The OE pin controls the state of the digital output drivers. 
When forced low, the drivers are active. When pulled high the 
drivers are 3-stated. Please note that the OE pin only controls 
the output drivers, the rest of the chip is still active. Therefore if 
the clock is running, the internal registers are updated even if the 
digital outputs are 3-stated (Figure 4.). 


OE 


DATA 


Impedance 
Figure 4. Output Enable/Disable Timing Diagram 


Power Down Mode 


For systems that are battery powered, the MP8786 has a 
power down feature to help extend battery life. When the 
voltage at the Vrz pin drops below 0.4 V, the chip goes into 
power down mode. In this state, conversions are halted, the 
outputs are 3-stated and Ipp drops to less than 100 uA. Then, 
when the voltage at the Vrpz pin rises above 0.9 V, the chip will 
power up. Note that after power up, four clock cycles are 
required to get valid data at the digital outputs (see Figure 6.) 
One way to achieve power down is to disconnect or disable the 
buffer/amp driving Vp, and let the internal reference resistance 
pull Vay down. Remember, any bypass capacitors at Vpz will 


increase the time for Vp_ to drop below 0.4 V. 
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APPLICATION NOTES 


Power Supplies and Grounding 


AVpp and DVpp should be connected to the sample power 
supply source (Figure 5.). The power supply (AVpp and DVpp) 
and reference voltage (Vat & Vag) pins should be decoupled 
with 0.1u.F and 10uF capacitors to GND, placed as close to the 
chip as possible. 


AGND and DGND pins are connected internally through the 
P-substrate. AGND and DGND pins should be connected 
together as close to the chip as possible. 


+5 V 
e 


Digital 
Outputs 


Figure 5. Typical Circuit Connections 


The Analog Input 


When designing with the MP8786, the following points can 
help optimize performance. 


1. Driving the analog input — The input impedance can be 
represented as a switched capacitor type input circuit, ie. the 
input impedance changes with the phase of the input clock. 
Figure 2. shows an equivalent input circuit. In many 
applications, the input impedance can be treated as 
capacitive. For fast signals and a high driving impedance, a 
wide bandwidth op amp is recommended. 


2. It is important to note that op amps have inductive output 
impedances at high frequencies which is a consequence of 
the emitter impedance of the typical push-pull output stage. 
The resulting transient ringing should be damped by 
inserting a resistor in series with the ADC input — typically 
about 50Q. See Figure 5. The exact value may be obtained 
from the op amp manufacturer’s data sheet. 


3. Signals should not exceed Vpp +0.5V or go below GND 
—0.5V. All pins have internal protection diodes that will 
protect them from short transients (See Note 2, Absolute 
Maximum Ratings) outside the supply range. 
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Digital Outputs 


Refer to Figure 6. for details on the data availability timing. 
The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. The output enable pin (OE) should not be left 
unconnected. If itis not controlled by an active signal, it must be 
tied to ground. 


1/FS 
pw tpwL 


N+1 N+2 


beg ————————~ PIPELINE DELAY 


CLK 


Sample “N” 


Figure 6. Data Available Timing 


Dynamic Reference Control 


The MP8786 allows for dynamically adjusted Vat and Vpp. 
When this is done, Vaz and Vpag have to be kept static during a 
certain period. 


The A/D conversion is done in a two-step method. During the 
first clock period, the MSB comparator bank compares the Vij 
with the reference voltage string in order to determine in which 
subrange the exact Vij lies. During the subsequent clock 
period, an LSB comparator bank compares a subrange of the 
Vrer to the Viy. Thus, the reference inputs have to be stable 
during two compare cycles. This implies that while the ADC is 
clocked with FS, the conversion only occurs at a rate of FS/2. 
Every second sample and resulting data must be discarded 
because the reference changes during its conversion. 


The reference inputs Var and Vpp have to have settled to 
within 1 LSB, at least 50 ns before the rising edge which occurs 
after the sampling instant. The reference has to be kept 
constant until (tap + 10 ns) after the second rising edge. See 
Figure 7. for timing details. The digital data of the N+ 1,N+3, N 
+ 5 etc. samples are invalid if the reference is changed every 
second clock cycle. The data forthe N,N+2,N+4etc. samples 
are valid. 


CLK 
REFERENCE 50 ns 
Dout N-4 N-3 N-2 


Figure 7. Dynamic Reference Control 
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LINEARITY DEFINITION 


DNL LSB 
The Ideal ADC V(N+1) 
Analog 
The transfer function for an ideal A/D converter is shown in Input 
Figure 8. VN) 


OUTPUT 
CODES Output N +1 
0.5 * LSB 1.5*LSB Codes N 
N-1 


Figure 10. DNL Measurement 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) are: 


DNL (01) = VO2—V01—LSB 


; : DNL (FE) = Ver — Veg — LSB 
Figure 8. Ideal A/D Transfer Function Thus DNL) = [ Vines) - Vin) ] - LSB 
Code Width (N) = Vinat) — Viny 
Similarly, the zero scale and full scale errors are defined as: 
Vin = VO1 = Vag + 0.5 * LSB EFS (full scale error) = Veg — (Vat — 1.5 * LSB) 
The last transition of the data bits takes place when: EZS (zero scale error) = VO1 — (Vpap + 0.5 * LSB) 
where: LSB =[ Vat—Vpp]/ 256 


Figure 9. shows the zero scale and full scale error terms while 
Figure 10. shows the definition of DNL. 


The first transition for the data bits takes place when: 


Vin = Ver = Vp7 — 1.5 * LSB 


where: LSB = Vpgr/ 256 
= (Ver — VO1) / 254 


and Vrer = ( Vat — Vrs) Output 
; Codes Best Fit Line 
The Real ADC Real Transfer Line 


6 
In a “real” converter, the code-to-code transitions do not fall 
exactly every Vaer/256 volts. 5 
A positive DNL (Differential Non Linearity) error means that 4 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 3 Ideal Transfer Line 


A specification of Max DNL=+0.5LSB means that all codes 


are within 0.5 LSB and 1.5LSB. For example, if Vagr = 4.096 V . 

then 1 LSB = 16mV and every code width is between 8 and 24 1 

mV. y 
ee EZS Analog Input (Volt) 
aia a 1.5*LSB Figure 11. INL Error Calculation (3-Bit) 


Figure 11. gives a visual definition of the INL error. The graph 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 

After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the best 
fit ine makes equal the positive and andthe negative INL errors. 
This may change an INL of —1 to +2 LSBs relative to the ideal 


TO)M 


Figure 9. Real A/D Transfer Curve 
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PERFORMANCE CHARACTERISTICS 


Se i 


NEG. DNL 


a lll 
Cette 
SP 


0.01 1 100 


Fs(MHz) 


Graph 1. DNL vs. Sampling Frequency 


Vref(Vp-p) 


Graph 3. DNL vs. Reference Voltage 


Graph 5. Supply Current vs. 
Supply Voltage 
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Graph 4. Supply Current vs. 
Sampling Frequency 
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Graph 6. Power Up/Down Voltage 


vs. Temperature 
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4 45 
Vdd(V) = 
Temperature(C) 
Graph 7. Power Up/Down Voltage Graph 8. Output Delay (tp) 
vs. Supply Voltage vs. Temperature 
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Graph 9. Aperture Delay (tap) Graph 10. 3-State/Enable Delay 
vs. Temperature vs. Temperature 
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Graph 11. Output Delay Graph 12. Aperture Delay (tp,) 
vs. Supply Voltage vs. Supply Voltage 
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Graph 13. 3-State/Enable Delay Graph 14. Gain vs. Input Frequency 


vs. Supply Voltage 
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2 MSPS, CMOS 12-Bit 
Analog-to-Digital Converter with 


APPLICATIONS 


FEATURES 

e 12-Bit ADC with DNL = +1 LSB, INL =+2 LSB e Instrumentation 
e SNR > 60 dB e DAS 

e Sampling Frequency < 2 MHz e Radar 

e Internal Track and Hold: Input —3 dB Frequency = 10 MHz e Medical Imaging 


e Single 5 V Supply 

e Rail-to-Rail Input Range 

¢ Vrer Range: 1.5 V to Vpp 

e CMOS Low Power: 200 mW (typ) 


e 15 Equally Spaced Ladder Taps for Non-Linear Transfer e 


Function 
e Three-State Outputs 


e Binary and Two’s Complement Digital Output Mode 


e Serial and Parallel Port 

e Overflow and Underflow Outputs 

e Precision Aperture Output 

e Latch-Up Free 

e 28 Pin Package: MP8791 & MP8792 


GENERAL DESCRIPTION 

The MP8790 is a 12-bit 2-step high speed Analog-to-Digital 
Converter with DNL = +1 LSB and INL =+2 LSB. The MP8790 
contains an internal track and hold which allows for analog input 
signals as fast as 2 MHz and can convert signals at a 2 MSPS 
rate. 


The MP8790 operates with a single supply ranging from +3 V 
to +5 V while consuming less than 200 mW of power (typical). 


ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


PQFP —40 to +85°C MP8790AE 2 12 


e Ultrasound 

e Broadcast and Studio Video 
e Magnetic Resonance Signal 
Acquisition 

Digital Oscilloscopes 

e Spectrum Analysis 

e Digital Radio 


Separate pins for reference ladder terminals and power supplies 
allow flexibility for various Ajy, AVrep and power supply ranges. 


Data is presented at the parallel output port every clock cycle 
after a 2.5 cycle pipeline delay. The digital output port is also 
equipped with a 3-state function, as well as a serial data port. 
LINV and MINV enable binary and 2’s complement data 
formatting. The 15 ladder tap pins (R1-R15) can accommodate 
transfer function adjustment, linearity, and speed enhancement. 


TOM’ 


Parallel and Serial Logic Interface Port 
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SIMPLIFIED BLOCK DIAGRAM 


AVpp  AGND DVpp  DGND 


(3 Pads) (3Pads) (2Pads) (2 Pads) LINV MINV 
VAT 
R15 
REF Ladder 
i] 
OFW 
' MSB 
Comparators DB11 (MSB) 
Encoder 
L] 
' 
; Correction 
' DBO (LSB) 
' LSB 
‘ Comparators 
UFW 
' 
R1 
Ve OET 
OE2 
PLOAD 
SCLK 
SDO 


VIN Aperture CLK Phase 


PIN CONFIGURATIONS 


39 a 


40 _—— 96 
—_——— as) 
es Ss 
—— See the following page —— 
nal for pin #s and —— 
[_ descriptions ————- 
aaa aaSSs 
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aaa Index al 
ae naa) 
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52 Pin PQFP 
QN52 (10 mm X 10 mm) 
Contact Factory for Package Drawing 
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PIN OUT DEFINITIONS 


Vin f J Jf Jf 7 f 


f. Resistor Ladder Tap (10/16 Vref) 
Ref. Resistor Ladder Tap (12/16 Vref) 
Ref. Resistor Ladder Tap (11/16 Vref) 
Ref. Resistor Ladder Tap (3/16 Vref) 
Ref. Resistor Ladder Tap (13/16 Vref) 
Ref. Resistor Ladder Tap (4/16 Vref) 
Ref. Resistor Ladder Tap (1/16 Vref) 
Ref. Resistor Ladder Tap (15/16 Vref) 
Ref. Resistor Ladder Tap (2/16 Vref) 
Ref. Resistor Ladder Tap (6/16 Vrer) 


Negative Reference 


Positive Reference 

Ref. Resistor Ladder Tap (14/16 Vref) 
Analog Positive Supply 
Analog Positive Supply 
Analog Ground 

Analog Ground 

Invert MSB (Active High) 
Invert LSB (Active High) 
Underflow Bit 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 

Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 


DVpp 
DVpp 
DGND 
DGND 
PHASE 
SCK 
Aperture 
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Serial Data Out 
Digital Positive Supply 


Digital Positive Supply 


Digital Ground 

Digital Ground 

Phase Clock Polarity Control 

Serial CLK 

Aperture Delay Sync 

Overflow 

Output Enable (Active High) 

Output Enable (Active Low) 

Clock 

Serial Shift Register Data Load 

Data Output Bit 6 

Data Output Bit 7 

Data Output Bit 8 

Data Output Bit 9 

Data Output Bit 10 

Data Output Bit 11 

Ref. Resistor Ladder Tap (7/16 Vref) 
Ref. Resistor Ladder Tap (9/16 Vref) 
Ref. Resistor Ladder Tap (5/16 Vref) 
Analog Ground 

Analog Input 

Analog Positive Supply 

Ref. Resistor Ladder Tap (8/16 Vref) 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 2 MHz (50% Duty Cycle), 
VREF(+) = 9-0 V, VRer-) = AGND, TA = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY '! 


Differential Non-Linearity 


Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(4+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? VREF 
Ladder Resistance Ry 


ANALOG INPUT? 


Input Bandwidth (—3 dB)4 
Input Voltage Range 


Input Capacitance Sample® 

Input Capacitance Convert? 

Aperture Delay from Clock 

Aperture Delay from Aperture Aperture pin load 5 pF. 
Signal Measured at 50% point. 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents © Vin=DGND to DVpp 
CLK, OE7, OE2, MINV, LINV 

Input Capacitance 

Clock Timing 
Clock Period Functional 
Rise & Fall Time?’ Functional 
“High” Time Functional 
“Low” Time 
Duty Cycle 

Serial Register Timing 
Shift Clock Period 
Shift Clock to Data Delay 
Minimum Pulse Width PLOAD 
ClockT to PLOAD, For 
Valid D11 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C 
Symbol Min Typ Max ee Test Conditions/Comments 


DIGITAL OUTPUTS 


Logical “1” Voltage 

Logical “1” Source Current 
Logical “O” Voltage 

Logical “O” Sink Current 
Tristate Leakage 


Cout=15 pF 


lLoap = 4 mA 

Vou =DVpp-05 
ILoap = 4 mA 

Vo. = 0.5 V 
VouT=DGND to DVpp 


Data Valid Delay 
Data Enable Delay 
Data Tristate Delay 


POWER SUPPLIES® 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS2 


Signal Noise Ratio (N+D) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 
ideal code width (VpeF/4096) is the DNL error. The INL error is the maximum distance (in LSB’s) from the best fit line to 
any transition voltage. Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4  -3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 Switched capacitor analog input requires driver with low output resistance. 

6 All inputs have diodes to DVpp and DGND. Input(s) OE and MINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. . 

7 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

8 AGND & DGND pins are connected through the silicon substrate. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2; 3 


Von (OUND .ccsceesccccv en tedene wi crates pan enwews 7V Storage Temperature ................... —65 to +150°C 
Very & VRER) ore viree ene es Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
WIM. cy aeebadtnancewnda eee aeae Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

AUMINGUS «ccd ssnessencagenwes Vpp +0.5 to GND —0.5 V POUrE” 4cnwseea ew nel have vaseentasneeen anes 900mW 
PA OUIUte sv ccawsesvnnadeeaewa Vpp +0.5 to GND -0.5 V Derates above 75°C ..................04. 12mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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1/FS 
tpwu, lPWL 


CLK N +1 N+2 
Pipeline Delay 
TAP N+1 
Analog we D, 
Input Sampli 
pling 
VIN Points 
on (n=) 
(DB0-DB11) N-3 N-2 N-1 N+1 


DATA 
(DBO-DB11) 


DATA 
(DBO-DB11) 


Impedance Impedance 
Figure 2. 3-State Timing Diagram 
Output 
DNL| 7LSB Codes Best Fit Line 
V rg 
vl Real Transfer Line 
Analog 6 
Input 
V 
(N) 5 
Output Mae 4 
Codes N 
N—4 3 Ideal Transfer Line 
Code Width (N) = Vin+1) — Vin) 2 
LSB =[ Vat—Vrp]/ 1024 
, 
DNL) = [ V(N+1) - V(N) ] —- LSB 7 
7 
EZS Analog Input (Volt) 
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Figure 5. Typical Circuit Connections 


OFW & UFW: Overflow & Underflow (Outputs) 


These signals indicate when the Analog Input (Vin) goes out- 
side the Vag to Vat range. Both pins are normally at low logic 
levels. When Vix > Vp_t, OFW will go high and the data bits (DBO 
— DB11) will show full scale (i.e. all 1’s if MINV & LINV are low). 
When Vin < Vag, UFW will go high and the data bits will show 
negative full scale (i.e. all O’s if MINV & LINV are low). 


OE1 & OE2: Output Enable (inputs) 


These signals control the 3-state drivers on the digital outputs 
DBO — DB11, OFW and UFW. During normal operation, OE1 
should be held low and OE2 should be held high so that all out- 
puts are enabled (NOTE: internal resistors will pull OE1 and 
OE2 to these levels if they are not connected). When OET is 
driven high, DBO — DB11 goes into high impedances mode. 
When OB 2 is driven low, DBO — DB11, OFW and UF W all go into 
high impedance mode. These controls operate asynchronous 
to the clock and they only control the output drivers. The internal 
output register will get updated if the clock is running while the 
outputs are in 3-state mode. If possible, OE1 should be in 
3-state during Clock = 1 (PHASE = 1) to reduce digital noise cou- 
pling into Ajy during the sample time. Aperture provides a con- 
venient control for this purpose since it guarantees that the Ajj 
sample period is complete when the outputs are enabled. 


MP8790 


i 
x Yate [tate 


PHASE Clock Polarity Control (input) 


This signal controls the phase relationship between the sig- 
nal applied at the CLK pin and the internal clock signals. When 
PHASE is high, Vix is sampled at the high to low CLK transition 
and the digital data changes after a low to high CLK transition. 
When PHASE is low, Vx is sampled at the low to high CLK tran- 
sition and the digital data changes after a high to low CLK transi- 
tion. See timing diagram Figure 6. PHASE has an internal pull 
up device. 


Phase = High 


Sample 


CLK | | Compare | | 


Phase = Low 
Compare 


CLK | | Sample | | 


Figure 6. Clock Phase Relationship 


SDO: Serial Data output 


After the internal shift register is updated using the PLOAD 
signal, the SDO pin outputs the A/D result starting with the MSB 
(which appears just after the PLOAD strobe). Each bit is output 
on the rising edge of SCLK. 


SCLK: Serial Data Port Clock 


The SCLK controls the output of the serial port through SDO. 
SDO is updated on every rising edge of SCLK. The PLOAD sig- 
nal will override the SCLK signal. 


PLOAD: 


Serial data port shift register load: When PLOAD is low (i.e. 
level triggered not edge triggered) the current parallel data will 
be loaded into the shift register. PLOAD overrides SCLK. When 
PLOAD is high, the data can be shifted out through the SDO pin 
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Figure 7. Serial Port Timing Chart 
PHASE = 1 


APERTURE: Aperture Delay Sync (output) 


This signal is high when the internal sample/hold function is 
sampling Vij, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 
der). The value of Vj, at the high to low transition of APERTURE 


is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. The Aperture pin may also be usedto 
control the OE7 (outputs between 3-state and active mode). 
This will reduce the errors introduced by digital output coupling 
during the Ajy sample time. 


binary 


inverted 
2’s complement 


inverted 
binary 


2’s complement 


Table 1. Output Data Format Truth Table 


MINV & LINV: Digital Output Format (inputs) 


These signals control the format of the digital output data bits 
DBO —DB11. Normally both pins are held low so the data is in 
straight binary format (all O’s when Viy=Vpp; all 1’s when 
Vin=Vrart)- If MINV is pulled high, then the MSB (DB11) will be 
inverted. If LINV is pulled high, then the LSBs (DBO — DB10) will 
be inverted. The OFW and UFW bits are not affected by these 
signals. 


Vin. f J 7 ff 7 f 


MINV & LINV are meant to be static digital signals. If they are 
to change during operation, they should only change when the 
CLK is low (assuming PHASE is high, if PHASE is low then 
these signals should only change when CLK is high). Changing 
MINV and/or LINV on the wrong phase of the CLK will not hurt 
anything, but the effects on the digital outputs will not be seen 
until the output latch of the output register is enabled. MINV and 
LINV have internal pull down devices. Please see the simplified 


logic circuit Figure 8. 
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MINV or LINV 


DBO-DB11 


» 


3-state 
driver 


CLK 


Phase 


Figure 8. MINV, LINV Simplified Logic Circuit 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vj, is sampled at the high to low clock transition. 
The diagram Figure 9. shows an equivalent input circuit. 


AVpp 


41pF 50Q 


1.5pF 


Vert + VrB +f 
re = 


VIN 


CL 


AGND 


C, at PHASE = 1 


Figure 9. Equivalent Input Circuit 


R1 thru R15: Reference Ladder Taps 


These taps connect to every sixteenth point along the refer- 
ence ladder; R1 is 1/16th up from Vprp, R7 is 15/16ths up from 
Veep (or 1/16th down from Vp_t). Normally these pins should 
have 0.1 microfarad capacitors to Vss, this helps reduce the INL 
errors by stabilizing the reference ladder voltages. These taps 


can also be used to alter the transfer curve of the ADC. A 16 seg- 
ment, piecewise linear, custom transfer curve can be designed 
by connecting voltage sources to these pins. The internal inter- 
connect resistance from the pin to the ladder is less than 3Q for 
the even numbered taps, (i.e. R2,R4,R6, etc.) and is approxi- 


mately 10Q for the odd numbered taps. 


Alternating the transfer curve may be desirable to make the 
probability of codes for a certain range of Vij, be enhanced or 
minimized. 

Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 

For Log shapes, the MP8790 is ideal since it provides 16 seg- 
ments. 


0.8 V maximum per tap is recommended for applications 
above 85°C. Upto 1.6 V is allowed for applications under 85°C. 


APPLICATION NOTES 


Vin signals should not exceed AVpp +0.5V or go below 
AGND —0.5V. All pins have internal protection diodes that will 
protect them from short transients (<100us) outside the supply 
range. 


AGND & DGND pins are connected internally through the P— 
substrate. DC voltage differences between AGND and DGND 
pins will cause undesirable internal substrate currents. 


The power supply (Vpp) and reference voltage (V_t & Vrs) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. 

At least three of the reference tap pins (R4, R8, R12) should 


be decoupled with 0.1u.F to 1uF capacitors. This will help stabi- 
lize the internal reference voltages thus reducing any INL errors. 


The reference tap pins (R1-R16) can be used to create piece- 
wise-linear transfer functions. By forcing custom voltages on 
these pins, a 16 segment transfer function can be made. See 
Figure 10. and Figure 11. 
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MP8791 


CMOS, 2 MSPS, 12-Bit 
Analog-to-Digital Converter 
with Parallel Logic Interface Port 


FEATURES APPLICATIONS | 

e 12-Bit ADC with DNL = +1 LSB, INL = +2 LSB e Instrumentation 
e SNR > 60 dB e DAS 

e Sampling Frequency < 2 MHz e Radar 

e Internal Track and Hold: Input —3 dB Frequency = 10 MHz e Medical Imaging 


e Single 5 V Supply 

e Rail-to-Rail Input Range 

e Vrer Range: 1.5 V to Vpp 

e CMOS Low Power: 175 mW (typ) 

e 1/4, 1/2 and 3/4 Scale Reference Resistor Taps 
e Three-State Outputs 


e Ultrasound 

e Broadcast and Studio Video 

e Magnetic Resonance Signal 
Acquisition 

e Digital Oscilloscopes 

e Spectrum Analysis 


e Binary and Two’s Complement Digital Output Mode 


e Latch-Up Proof 
e Serial Version: MP87092 
e 3 V Version: MP87L91 


GENERAL DESCRIPTION 


The MP8791 is a2 MSPS 12-bit subranging Analog-to-Digital 
Converter with DNL = +1 LSB and INL =+2 LSB. The MP8791 
contains an internal track and hold and an analog input 
bandwidth of 10 MHz. 


The MP8791 operates with a single 5 V supply while 
consuming less than 200 mW of power (typical). Separate pins 
for reference ladder terminals and power supplies allow 


SIMPLIFIED BLOCK DIAGRAM 
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flexibility for various Ajy, AVpeg and power supply ranges. 


Data is presented at the parallel output port every clock cycle 
after a 2.5 cycle pipeline delay from sample edge. The digital 
output port is also equipped with a 3-state function. MINV 
enables binary and 2’s complement data formatting. Through 
pins R1-R3, transfer function adjustment, linearity, and speed 
enhancement can be accommodated. 


MINV 


> Y DB0-DB11 


CLK | es, Clock | Clock Logic 


AVpp AGND DVpp DGND 


Vins J ff ff ff 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


| poe | -a0to+a5°c | peoian | tt | 272 
SOIC —40 to +85°C MP8791AS 21/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 

DB10 DB11 1 DB10 
DB9 AGND 2 DB9 
DB8 Ai . DB8 
DB? AVop 4 DB7 
DB6 R2 5 DB6 
CLK R3 6 CLK 
OE R1 7 OE 
Aperture VREFB 8 Aperture 
DGND Vesey 9 DGND 
DVpp AVpp DVpp 
DB5 AGND DB5 
DB4 MINV DB4 
DB3 DBO DB3 
DB2 DB1 DB2 

28 Pin PDIP (0.600”) 28 Pin SOIC (EIA, 0.335”) 

N28 R28 


Contact Factory for Availability of Smaller 
PDIP Packages 


PIN OUT DEFINITIONS 


Data Output Bit 11 (MSB) Data ‘Tenens: i. | Bit 2 

Analog Ground DB3 Data Output Bit 3 

Analog Input DB4 Data Output Bit 4 

Analog Positive Supply DB5 Data Output Bit 5 

Ref. Resistor Ladder Tap (1/2 Vref) DVpp Digital Positive Supply 

Ref. Resistor Ladder Tap (3/4 Veer) DGND Digital Negative Supply 

Ref. Resistor Ladder Tap (1/4 Vref) Aperture Delayed Clock, indicates sample point 
Negative Reference OE Output Enable (Active Low) 


Positive Reference CLK Clock 

Analog Positive Supply DB6 Data Output Bit 6 
Analog Ground DB7 Data Output Bit 7 
Invert MSB (Active High) DB8 Data Output Bit 8 
Data Output Bit 0 (LSB) Data Output Bit 9 
Data Output Bit 1 Data Output Bit 10 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 2 MHz (50% Duty Cycle), 
VREF(+) = 9-0 V, Vrer_) = AGND, TA = 25°C 


25°C 
Symbol Min Typ 2 ees elim 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY' 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? 

Ladder Resistance 


ANALOG INPUT 


Input Bandwidth (—3 dB) 
Input Voltage Range 

Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay from Clock 


Aperture Delay from Aperture Aperture pin load 5 pF. 
Signal Measured at 50% point. 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents © Vin=DGND to DVpp 
CLK, OE, MINV 

Input Capacitance 

Clock Timing 
Clock Period Functional 
Rise & Fall Time? Functional 
“High” Time Functional 
“Low” Time Functional 
Duty Cycle 


DIGITAL OUTPUTS Coyut=15 pF 


Logical “1” Voltage -0. lLoap =4mMA 

Logical “O” Voltage : Loan =4mMA 

3-state Leakage VouT=DGND to DVpp 
Data Valid Delay 

Data Enable Delay 

Data 3-state Delay 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


Parameter 


POWER SUPPLIES8 


(Tmin to Tmax) 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS 


Signal Noise Ratio (N+D) 


NO 
1 


TES 


Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (Vpr¢r/4096) is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to 

any transition voltage. Accuracy is a function of the sampling rate (FS). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

—3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to DVpp and DGND. Input(s) OE and MINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. 

Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 
AGND & DGND pins are connected through the silicon substrate. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


ie Va) ews hee one hes ree oes deen ae eee 7V Storage Temperature ................... —65 to +150°C 
Veer ® VRER iE) oss seer sees eas Vpp +0.5 to GND -0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Viel eisacecisnoiaduanenkicen es Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

PUGS occ tccenen tase tan ees Vpp +0.5 to GND —0.5 V Parl sakteecsveeeagedauessccpaieastsenen 450mW 
ANOUIUIS ccccccacseesvessess Vpp +0.5 to GND —0.5 V Derates above 75°C ......... 0.0.2.0. eee 6mW/°C 
NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 2. 3-State Timing Diagram 


OVERVIEW OF THE MP8791 PINS & OPERATION NOTES : 


OE: Output Enable (Input) 


This signal controls the 3-state drivers on the digital outputs 
DBO -DB11. During normal operation, OE should be held low so 
that all outputs are enabled (NOTE: an internal resistor will pull 
OE to this level if it is not connected). When OE is driven high, 
DBO - DB11 goes into high impedance mode. This control oper- 
ates asynchronously to the clock and only controls the output 
drivers. The internal output register will get updated if the clock 
is running while the outputs are in 3-state mode. If possible, OE 
should be in 3-state during Clock = 1 to reduce digital noise cou- 
pling into Ajy during the sample time. Aperture provides a con- 
venient control for this purpose since it guarantees that the Ajj 
sample period is complete when the outputs are enabled. 


APERTURE: Aperture Delay Sync (Output) 


This signal is high when the internal sample/hold function is 
sampling Vin, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 
der). The value of Vj at the high to low transition of APERTURE 


y Fev20 6 fF fF ff ff f 


is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. The Aperture pin may also be used to 
control the OE (outputs between 3-state and active mode). This 
will reduce the errors introduced by digital output coupling dur- 
ing the Ajj sample time. 


MINV: Digital Output Format (Input) 


This signal controls the format of the digital output data bits 
DBO — DB11. Normally it is held low so the data is in straight 
binary format (all O’s when Vix = Vpg; all 1’s when Vix = Var). If 
MINV is pulled high then the MSB (DB11) will be inverted. 


MINV is meant to be a static digital signal. If it is to change 


during operation, it should only change when the CLK is low. 
Changing MINV on the wrong phase of the CLK will not hurt any- 
thing, but the effects on the digital outputs will not be seen until 
the output latch of the output register is enabled. MINV has an 
internal pull down device. This function is not available in the en- 
gineering sidebraze samples. rat these samples, this pin must 
be tied t to 9 GND. 
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Figure 3. MINV Simplified Logic Circuit 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vj, is sampled at the high to low clock transition. 
The diagram Figure 4. shows an equivalent input circuit. 


AVpp 


41pF 50Q 


VIN 


AGND 
C, at PHASE = 1 


Figure 4. Equivalent Input Circuit 


R1, R2, R3: Reference Ladder Taps 


These taps connect to every 1/4 point along the reference 
ladder; R1 is 1/4th up from Vpp, R3 is 3/4ths up from Vpap (or 
1/4th down from Vrpt). Normally these pins should have 0.1 mi- 
crofarad capacitors to Vss; this helps reduce the INL errors by 
stabilizing the reference ladder voltages. 


These taps can also be used to alter the transfer curve of the 
ADC. A 4-segment, piecewise linear, custom transfer curve can 
be designed by connecting voltage sources to these pins. 


This may be desirable to make the probability of codes for a 
certain range of Vij, be enhanced or minimized. 


Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 


Ze EXAR 


The internal interconnect resistance from each of the tap pins 
to the ladder is less than 3Q. 


1.6V maximum per tap is recommended for applications 
above 85°C. Up to 3.2V is allowed for applications under 85°C. 
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Figure 5. A Piecewise Linear 
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Figure 6. A/D with Programmed Ladder 
Control for Creating a Piecewise Linear 
Transfer Function 
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FEATURES 


e Power Down; Lower Consumption — 3 mW (typ) 
e 10-Bit Resolution 

e Sampling Rates from <1 kHz to 1:5 MHz 

e DNL better than 1/2 LSB (typ) up to 1.5 MHz 

e Very Low Power CMOS - 30 mW (typ) 

e Input Range between GND and Vpp 
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MP8795 


CMOS 
1 MSPS, Very Low Power, 10-Bit 
Analog-to-Digital Converter 


BENEFITS 


e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 
e uP/DSP Interface and Control Applications 


¢ No S/H Required for Analog Signals less than 100 kHz ° High Resolution Imaging — Scanners, Copiers, 


e No S/H Required for CCD Signals less than 1.5 MHz 


e Single Power Supply (4 to 6 Volts) 

e Latch-Up Free 

e High ESD Protection: 4000 Volts Minimum 
e 3 V Version: MP87L95 

e 20 Pin Package: MP8796 


GENERAL DESCRIPTION 


The MP8795 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter that operates over a wide range of 
input and sampling conditions. The MP8795 can operate with 
pulsed “on demand” conversion operation or continuous 
“pipeline” operation for sampling rates up to 1.5 MHz. The 
elimination of the S/H and small package size offer the designer 
a low cost solution. No sample and hold is required for charge 
couple device applications, up to 1.5 MHz, or multiplexed input 
applications when the signal source bandwidth is limited to 100 
kHz. The input architecture of the MP8795 allows direct 
interface to any analog input range between AGND and AVpp (0 
to2V,1to4V,0to5V, etc.). The user simply sets Vrer(4) and 
Vrer(-) to encompass the desired input range. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Coarse 


VREF(+) 
3/4R O 
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VREF(-) O Com- 
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Facsimile 
e Radar Pulse Analysis 
e Low Power A/D Applications 


Scaled reference resistor taps 1/4 R and 3/4 R allow for 
customizing the transfer curve. Digital outputs offer 3-state 
operation and all digital pins are CMOS and TTL compatible. 


The MP8795 uses a two step technique. The first segment 
converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and VreF_) is disconnected from 
VReEF1(-). [he power consumption during the power down mode 
is approximately 3mW. 
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ORDERING INFORMATION 


[Plastic Dip_| -40t0+85°C | mpavosan | +1 | 2 
soic__ | ~#010+85°C_|  Mpa795as 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB2 
DB1 
DBO 
PD 
AVop 
DGND AGND 
DVpp VIN 
3/4 R 
1/4R 
VREF1(-) 
VREF(-) 
OFW VREF(+) 


24 Pin PDIP (0.300”) 
NN24 


PIN OUT DEFINITIONS 


DB3 1° DB2 
DB4 2 DB1 
DB5 3 DBO 
DB6 4 PD 
DB7 5 AVop 
DGND 6 AGND 
DVpp ? VIN 
CLK 8 3/4 R 
OE 9 1/4 R 
DB8 VREF1(-) 
DB9 VREF(-) 
OFW VREF(+) 


24 Pin SOIC (Jedec, 0.300”) 
S24 


Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 
Digital Ground 
Digital Vpp 

Clock Input 


Output Enable (Active Low) 
Data Output Bit 8 

Data Output Bit 9 (MSB) 
Overflow Output 
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Lower Reference Voltage 


Lower Reference Voltage 
Reference Ladder Tap @ 1/4 FS 
Reference Ladder Tap @ 3/4 FS 


Analog Signal Input 
Analog Ground 

Analog Vpp 

Power Down 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
VREF(+) = 4.6, VREF(-) = AGND, Ta = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY? 
Differential Non-Linearity 


Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage® VREF 
Ladder Resistance Ry 


Zero Scale Error Reference from Vrer(.) to VREF(-) 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance’ 


Full Scale Error 

Ladder Switch Off Leakage! liLKG-SW nA a 
ANALOG INPUT! 

Input Bandwidth kHz 1 LSB Error 

Input Voltage Range’ V 

Input Capacitance? pF 

Aperture Delay ns 


DIGITAL INPUTS 


youo<<c< 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents Vin=DGND to DVpp 
CLK 
PD, OE (Internal Res to DGND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 Functional 


DIGITAL OUTPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

3-state Leakage 

Data Hold Time (See Figure 1.)! 
Data Valid Delay! 


Cout=15 pF 
lLoapD = 2mMA 


ILOAD =4mA 
Vout = 0 to Vpp 


TOM 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


DIGITAL OUTPUTS (CONT’D) 


Test Conditions/Comments 


Cout=1 5 pF 

ns 

ns 

ns 

ns 

ns 

ns 

mA 

V 

mA VIN =2V 
NOTES: 
1 Guaranteed. Not tested. 


e Tester measures code transition voltages by dithering the voltage of the analog input (Vj). The difference between the measured 
code width and the ideal value (V_gF/1024) is the DNL error (see Figure 3.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vix input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP8795 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


tDEN 
tpHz 
tcLks1 
tCLKH1 
tpp 
tpu 


Data Enable Delay! 

Data 3-state Delay! 
Clock to PD Set-up Time’ 
Clock to PD Hold Time! 
Power Down Delay! 
Power Up Delay! 


POWER SUPPLIES® 


IDDOWN 
Vpop 
lpp 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOOO WO 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


WD 0 GEL). sbevaeelre ever ens aeWerieeeguaestens +7V Storage Temperature ................... —65 to +150°C 
Vaeray & VAR) eer sv ca eaw enn GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
ee ce sdaetane erry eiewdanneees GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PAINS. co caneskectnaemabnses GND -0.5 to Vpp +0.5 V CUIF, PDIP, BOI sssseadeechecesaeareanns 1000mW 
PU OUPUIS cccccsicesweken bene GND -0.5 to Vpp +0.5 V Derates above 75°C .................005. 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP8795 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP8795 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and is accomplished in 2 
clock periods. 


The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Reaee = 1024*R Veper= VREF(+) - VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dp (CLK 
high) and ds (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (ds). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


MP8795 


when ds disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
select a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next dg 
phase. 


aioe actin skies eeeaetens scene ser _ 
| 
res 

Vin O——~ 

go ume 
Ref . COARSE COMPARATOR : 
ds eee 

Ladder 

Selected an pa 18 ly 5/2 | 

Range 


Figure 2. MP8795 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Aj, sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj sample and next Ajy, sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


ke 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Update Reference Stable Time — For Sample Ajn1 
References 
Clock Sample Ajyj1 Anx! Sample Ajn2 
Not Used 

Internal dp Ds 5 Ds Dp Ds 
Ain Sample [\ / \ _— / \ / 

Window AinXO Sample Ajy1 AinX1 Sample Ajn2 


Ladder Sample 


Sample Ladder Sample Ladder Sample Ladder Sample Ladder 
Window (MSB Bank) a for Aint eee for AinX1 hal for Ain2 a for AjjX2 = 


Ladder Compare Compare Ladder 
(LSB Bank) V/S AinXO 
External 
DATA 


Figure 3. Ajy Sampling, Ladder Sampling & Conversion ‘Timing: 


y Fev.20 6 fF f ff ff ff f 


Compare Ladder 
V/S Aint 


Compare Ladder 
V/S AnX1 


Compare Ladder 
V/S Ain2 


DATA A\nO DATA AjnX0 DATA Ain1 DATA AinX1 


Not Used 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW =0 oan =4 
3FFl | 
ore 
oF | | 
| | | 
| | | | 
V 
VREF(-) Voot Voo2 V3reE V3erF Vorw VREF(4) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFw) takes place at: 

Vin = Vorw = Vrer(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO1 = VREF(-) + 0.5 * LSB 

Vin = V3FF = VREF(-) —1.5*LSB 

LSB = Veer / 1024 = (Varr¢ — VO01) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 


In a “real” converter, the code-to-code transitions don’t fall 
exactly every Vpagr/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Varep = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


< 


Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vin41) — Vin 
LSB = [ Vrer(+) — VREF(-) 17 1024 


DNL) = [ V(n+1) — Vin) ] - LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Egs) are: 


DNL (001) = VO02 — VO01 — LSB 


DNL (3FE) = V3er — V3re — LSB 
Egs (full scale error) = V3rr — [VREF(+) —1.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReF(_) + 0.5 * LSB] 


DIGITAL 
CODES 
15 * LSB 


| 
| | 
I | | 

V 
voo1 V3FE V3FF VREF(+) 


VREF(-) V002 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 


Figure 7. gives a visual definition of the INL error. The chart 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition, the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSBs rela- 
tive to the Ideal Line would be + 1.5 LSB’s relative to the Best Fit 
Line. 


Best Fit Line 


‘ Real Transfer Li Yo Z 
eal Transfer Line A 

6 i] ‘ 

> | 
i] t 

S EFS 

4 

3 Ideal Transfer Line 

2 

1 

7 

7 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 


A system will clock the MP8795 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP8795 in balance and ready to sample the 
analog input. 


Vin f J Jf J 7 ff f 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP8795 has very flexible input range characteristics. 
The user may set Vref.) and Vrer_) to two fixed voltages and 
then vary the input DC and AC levels to match the Vp_er range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP8795’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. Figure 9. 
shows the equivalent circuit for Ajy. 


40 Q 


AVop 


VIN 


oB 
\ 2 
1/2 [ VREF(+) 


a 4 pF as + VREF(-) ] 
Figure 9. Analog Input Equivalent Circuit 


Reference Voltages 


The input/output relationship is a function of Vper: 


Ain = Vin — VREF(-) 
Vrer = VrRer(+) — VREF(-) 
DATA = 1023 * (Ajn/VReF) 


A system can increase total gain by reducing Vre_r. 
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Digital Interfaces 
The logic encodes the outputs of the comparators into a bi- 


nary code and latches the data ina D-type flip-flop for output. 
The input OE controls the output buffers in an asynchronous 


mode. 
| oe | orw_| peo -pe0 


1 Valid High Z 
0 Valid Valid 


Table 2. Output Enable Logic 


OE ly VIL 


tpen—* 
' . ' 
pe | 
DB9-DBO DATA! , DATA 
OFW Overflow State 


Figure 10. Output Enable/Disable Timing Diagram 


DB9-DBO DATA 


Figure 11. Preferred Output Control 


7 EXAR 


2 SERS See aes = 

Figure 11. shows the preferred output control where and 
clock are opposite phase. This provides a quiet time at the end 
of the Ajj sample phase. 


The functional equivalent of the MP8795 (Figure 12.) is com- 
posed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An ideal analog switch which samples Vin. 

3) An ideal A/D which tracks and converts Vixy with no 
delay. 

4) Aseries of two DFF’s with specified hold (ty) p) and 
delay (tp,_) times. 


tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 


1 


Figure 12. MP8795 Functional Equivalent 
Circuit and Interface Timing 


Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 
down. 


TOM 


DBO-DB9 


PD 


lop, IVREF(+) ' ' 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 


+5 V 
& 
1A 1D 
Z<1002 
Cia Coa C1p, Cap 
Np l¥d [SS dvop 


> Vin (Substrate) OFW 
| 
Butter t [> DB9- DBO 
Resistive 
isolation 
of 50 to MP8795 OE 
100Q 


Reference 
Voltage 


+ 
C4} C 
Source Cito 


(Figure 15 Example) — 


2 


VREF1(-) 
AGND DGND 
AN 


Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 
formance of the MP8795. 


1. All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND -0.5 V. 


2. Any input pin which can see a value outside the absolute 7 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) , 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP8795 inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. S. 


3. The design of aPC board will affect the accuracy of MP8795. 
Use of wire wrap is not recommended. 


4. The analog input signal (Vij) is quite sensitive and should be 9 
properly routed and terminated. It should be shielded from , 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


10. 


5. The analog input should be driven by a low impedance (less 
than 50Q). 


6. Analog and digital ground planes should be substantial and 
common atone point only. The ground plane should actas a 


VF in20 f ff 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. |\f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP8795. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DVpp for the MP8795 should be connected to AVpp next to 
the MP8795. 


DVpp and AVpp are connected inside the MP8795 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1u.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
1002 resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 
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Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 


applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +5 V Analog Input 


+5 V +5 V 


+10V 2R 


DBO 


VREF(-) AGND 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 17. +10 V Analog Input 
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EIT IMIR 


10022 


MP8795 


VREF(+) 


3/4 


DACs MP7226 
or MP7641 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajj and Ladder detail shown. 


Figure 18. A/D Ladder with Programmed Control 
(of VREF(+), VREF(-), 1/4 and 3/4 TAP.) 
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PERFORMANCE CHARACTERISTICS 


i Sv 
| rat =4.6V 


LI peehed | IIIT 
Vdd=5V 

mE oy EE mE 
— tT 


0.5 

g core rt tg, A ot 

Att ee 

a | Coot 
HS 


Hone — Saati ee “ET Sanu 


0.1 
Fe(MHz) Fs(MH2) 


Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 


Fe(MH2) 


Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 


Vref(+)=4.6V 
Vref(-)=0V 
Fs=1MHz 
[ NEG. DNL ] DNL 


Vdd=5V 
Fs=1MHz 
[ NEG. DNL | DNL 


DNL(LSB) 
Oo 


0.5 


vretg, hs Teroeeeatet 
Graph 5. DNL vs. Reference Voltage Graph 6. DNL vs. Temperature 
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Vdd=5V 
Vref(+)=4.6V 


Vref(-}=0V 
Fs=1MHz 


25 
Temperature(C) 


Graph 7. Supply Current vs. 
Temperature 


Power Down Idd(mA) 


06 


bad 
> 


0.2 


Vref(+)=4.6V 
Vref(-}=0V 


Temperature(C) 


Graph 8. Power Down Current vs. 
Temperature 


Vdd=5V 
Vref(+)=4.6V 


Vref(-)=0V 


Ref. Resistance(Kohm) 


55 -40 3 85 125 
Temperature(C) 


Graph 9. Reference Resistance vs. 
Temperature 
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FEATURES 


10-Bit Resolution 

Sampling Rates from <1 kHz to 1.5 MHz 

DNL better than 1/2 LSB (typ) up to 1.5 MHz 

Very Low Power CMOS - 30 mW (typ) 

Power Down; Lower Consumption — 3 mW (typ) 
Input Range between GND and Vpp 

No S/H Required for Analog Signals less than 100 kHz 
No S/H Required for CCD Signals less than 1.5 MHz 
Single Power Supply (4 to 6 Volts) 

Latch-Up Free 

High ESD Protection: 4000 Volts Minimum 

20 Pin SOIC Package Available 


GENERAL DESCRIPTION 


The MP8796 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter that operates over a wide range of 
input and sampling conditions. The MP8796 can operate with 
pulsed “on demand” conversion operation or continuous 
“pipeline” operation for sampling rates up to 1.5 MHz. The 
elimination of the S/H and small package size offer the designer 
a low cost solution. No sample and hold is required for charge 
couple device applications, up to 1.5 MHz, or multiplexed input 
applications when the signal source bandwidth is limited to 100 
kHz. The input architecture of the MP8796 allows direct 


interface to any analog input range between AGND and AVpp (0 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Comparators 
it 
= 2 Resolution 
O Com- 
VgEF1(-) a parators 
adder 
<< 
VIN 


AGND O 


AVpp DVpp 
O O 


MP8796 


CMOS 
1 MSPS, Very Low Power 10-Bit 
Analog-to-Digital Converter 


BENEFITS 


Reduced Board Space (Small Package) 

Reduced External Parts, No Sample/Hold Needed 
Suitable for Battery & Power Critical Applications 
Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners, Copiers, 
Facsimile 

e Radar Pulse Analysis 

e Low Power A/D Applications 


to2V,1to4 V, Oto5 V, etc.). The user simply sets Vrer(4) and 
VreF(-) to encompass the desired input range. 

All digital pins are CMOS and TTL compatible. 

The MP8796 uses a two step technique. The first segment 
converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 

When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vrer(-_) is disconnected from 
VreF1(-). /he power consumption during the power down mode 
is approximately 3mW. 


CLK 


seenee a 


DB9-DBO 
© 
| | 


O CLK 


O DGND 
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ORDERING INFORMATION 


soic | -40to+85°C | mpevoeas | 41 | 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB3 1° DB2 

DB4 2 DB1 

DB5 3 DBO 

DB6 4 PD 

DB7 5 , AVpp 

DGND 6 AGND 

DVpp 7 VIN 

CLK 8 VREF1(-) 

DB8 9 VREF(-) 

DB9 he VREF(+) 


20 Pin SOIC (Jedec, 0.300”) 
$20 


PIN OUT DEFINITIONS 


Coes DESCRIPTION Zt DESCRIPTION 


Data Output Bit 3 Upper Reference Voltage 
DataOutput Bit 4 Lower Reference Voltage 
DataOutput Bit 5 Lower Reference Voltage 
DataOutput Bit 6 Analog Signal Input 
DataOutput Bit 7 Analog Ground 

Digital Ground Analog Vpp 


Digital Vpp Power Down 

Clock Input Data Output Bit 0 (LSB) 
DataOutput Bit 8 Data Output Bit 1 
DataOutput Bit 9 (MSB) Data Output Bit 2 
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ELECTRICAL CHARACTERISTICS TABLE 


Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
VReF(+) = 4-6, Vrer-) = AGND, Ta = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY? 


Differential Non-Linearity LSB 
Integral Non-Linearity LSB Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error LSB Reference from VreF (+) to VRer(-) 
Full Scale Error LSB 


DYNAMIC ACCURACY! Histogram Test 
Differential Non-Linearity LSB Fin = 70 kHz 
LSB Fix, = 100 kHz 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage° VREF 
Ladder Resistance Rye 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance 

Ladder Switch Off Leakage liLKG-SW 


ANALOG INPUT" 


Input Bandwidth 1 LSB Error 
Input Voltage Range’ 

Input Capacitance? 

Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents Vin=DGND to DVpp 
CLK 
PD, (Internal Res to DGND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 Functional 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


Parameter 


Test Conditions/Comments 


DIGITAL OUTPUTS 


Logical “1” Voltage 
Logical “O” Voltage 


Cout=15 pF 


ILOAD =2mA 
ILOAD =4mA 


Data Valid Delay’ 
Clock to PD Set-up Time! tcLks1 


Clock to PD Hold Time!’ tcLKH1 
Power Down Delay! tpp 
Power Up Delay! tpy 


POWER SUPPLIES® 


Power Down (Ipp) lIDDOWN 
Operating Voltage (AVpp, DVpp) Vpop 
Current (AVpp + DVpp) Ipp 


NOTES: 
1 Guaranteed. Not tested. 
2 Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 


code width and the ideal value (Vp¢er/1024) is the DNL error (see Figure 3.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vix input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP8796 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NOOO BW 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


Wry (0 ANDY aac sc owaweud es cas euen es enceinwea sens +7V Storage Temperature ................... —65 to +150°C 
Vr © Vaer ey xn sccnnnvsvens GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vill so0xne ean enna aa ni cage ce GND —-0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PU WOUIS cx cnscaes cancevccener GND —0.5 to Vpp +0.5 V 2) 0] | Se ee ee eee 1000mW 
AN OUIDUIS 2c cnses'srersueesewn GND —0.5 to Vpp +0.5 V Derates above TSO wc cewesruxnceses cscs 14mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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tr tr when ie iisseniiests the latches from the comparators. This de- 
a lay is called aperture delay (tp). 


— Vin The coarse comparators make the first pass conversion and 
— Vi. selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 


’ ' . 
' 
SAMPLE ' AUTO | SAMPLE , AUTO 1 SAMPLE 
1 i] i] 
N-1 | BALANCE, N , BALANCE + N+1 phase. 
‘ ' ' ; 
; i 
i—_—— ' —__ 
ANALOG . 


INPUT 


DATA 
Ref bs 
—e! — toL Ladder 
Figure 1. MP8796 Timing Diagram 
aed 
THEORY OF OPERATION ee mi _— uence | 
Range 


Analog-to-Digital Conversion 


The MP8796 converts analog voitages into 1024 digital Pigure 2. MPa726 Comparators 


codes by encoding the outputs of 15 coarse and 67 fine compa- 


rators. Digital logic is used to generate the overflow bit. The con- Ain Sampling, Ladder Sampling, and Conversion Timing 
version is synchronous with the clock and it is accomplished in 2 


clock periods. Figure 3. shows this relationship as a timing chart. Aj, sam- 

The reference resistance ladder is aseries of 1025 resistors. _ Pling, ladder sampling and output data relationships are shown 
The first and the last resistor of the ladder are half the value of for the general case where the levels which drive the ladder 
the others so that the following relations apply: need to change for each sampled Ajj, time point. The ladder is 


. , referenced for both last Aj sample and next Ajj; sample at the 
Rrer = 1024*R Vrer = Vrer(+)— VRer() = 1024 * LSB same time. If the ladder’s levels change by more than 1 LSB, 


The clock signal generates the two internal phases, dg (CLK —gne of the samples must be discarded. Also note that the clock 
high) and dg (CLK low = sample) (See Figure 6.). The rising —_ low period for the discarded Ajj can be reduced to the minimum 
edge of the CLK input marks the end of the sampling phase (Qs). ts time of 150 ns. 


Internal delay of the clock circuitry will delay the actual instant 


Hold Reference Value Past 
Short Cycle Sample will be discarded Clock Change for tap Time 


kK 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Update Reference Stable Time — For Sample Ajy1 
References 


Clock Sample Ajy1 AX Sample Ain2 
Not Used 
Internal p Ds 5 Ds Dp Ds 
Ain Sample [\ / \ a ' / \ / 
Window AinX0O Sample Ajjn1 AinX1 Sample Ajjn2 
Ladder Sample Sample Ladder Sample Ladder Sample Ladder Sample Ladder 
Window (MSB Bank) for Ain1 for AinX1 for Ain2 for AinX2 
Ladder Compare Compare Ladder Compare Ladder Compare Ladder Compare Ladder 
(LSB Bank) V/S AjnxXO V/S Aint V/S AinX1 V/S Ain2 
External 
DATA DATA AjnO DATA AiyX0 DATA Aint DATA AinX1 
Not Used Not Used 


Figure 3. Ajj Sampling, Ladder Sampling & Conversion " Timing 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW=0  JOFW|=1 
3FFl | 
ore 
oF | | 
| | | 
| | | | 
¥ 
Vrer(-) VO0O1 VO002 V3rFe Vaer Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (Vofw) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO1 = VREF(-) + 0.5 * LSB 

Vin = V3Fe = Veer) — 1.5 * LSB 

LSB = Vper / 1024 = (Varr¢ — VO01) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don’t fall 
exactly every Vraer/1024 volts. 


A positive DNL (Differential-Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vace = 4.608 V then 1LSB=4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


VF in20 ff ff 


Output N 
Codes 


(N+1) Code Width = Visa) — Viny 
LSB =[ Vers) — VREF(-) | 1024 


DNL) = [ V(n+1) — Vin) ] - LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Es) are: 


DNL (001) = Vo02 — Vo01 - LSB 


DNL (3FE) = V3er — Vare — LSB 
Ers (full scale error) = V3er — [VReF(4) —1.5 * LSB] 
Ezs (zero scale error) = VOO1 — [VReFy_) + 0.5 * LSB] 


DIGITAL 


1.5 * LSB 


VaFF VREF(+) 


Vrer(-) Voor Voo2 V3FE 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 7 


shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the best fit line makes equal the positive and the negative 
INL errors. For example, an INL error of —1 to +2 LSBs relative to 
the Ideal Line would be +1.5 LSB’s relative to the best fit line. 


Output 
Codes 


Best Fit Line 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 


A system will clock the MP8796 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP8796 in balance and ready to sample the 
analog input. 


Vin. ff ff 7 7 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 
Analog Input 


The MP8796 has very flexible input range characteristics. 
The user may set Vrer(,) and Vref) to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP8796’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. Figure 9. 
shows the equivalent circuit for Ajj. 


40 Q 


AVop 


VIN 


B 
\ — 
1/2 [ VREF(+) 


L 4 pF Jb + VREF(-) ] 
Figure 9. Analog Input Equivalent Circuit 


Reference Voltages 


The input/output relationship is a function of Vper: 


Ain = Vin — VREF(-) 
VReF = VREF(+) — VREF(-) 
DATA = 1023 * (Ajn/VReF) 


A system can increase total gain by reducing Vref. 
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Digital Interfaces 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data in a D-type flip-flop for output. 


The functional equivalent of the MP8796 (Figure 10.) is com- 
posed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 

2) An ideal analog switch which samples Vjy. 

3) An ideal A/D which tracks and converts Vj with no 


delay. ! 
4) Aseries of two DFF’s with specified hold (trp) and = BDBO_ | XK NT KON 


i] 

i] 

' i] 

: toL—> sea 
' 

1 

i] 


delay (tp) times. 


tap and tp, are specified in the Electrical Characteristics ta- Figure 10. MP8796 Functional Equivalent 
ble. Circuit and Interface Timing 


Power Down 


Figure 13. shows the relationship between the clock, sampled Ajj to output data relationship and the effect of power down. 


ee ee i a 
VIN 

‘ 

' i 

1 ' 


tcLKH1 ! 


Sy $< ¢— a 
ee a, ee 


lop, IVREF(4+) 


M Valid 


Figure 11. Power Down Timing Diagram 
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APPLICATION NOTES 


Z<100Q 


Resistive 
isolation 
of 50 to 
100Q 


Reference 
Voltage 
Source 


Cia, Con 
AVpp 


VREF1(-) 
AGND DGND 
= a — 


Vin (Substrate) 


1D 


DB9 - DBO 


MP8796 


VREF(+) 


VREF(-) 


Figure 12. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP8796. 


1. 


All signals should not exceed AVpp +0.5 V or AGND -0.5 V 
or DVpp +0.5 V or DGND -0.5 V. 


Any input pin which can see a value outside the absolute 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. \f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP8796. 


; . 7. DVpp should not be shared with other digital circuitry to 
irre AERA Peas Ne = Pe apr2 W Ge AGNE he %) avoid conversion errors caused by digital supply transients. 
should be protected by diode clamps (HP5082-2835) from DV pp for the MP8796 should be connected to AVpp next to 
input pin to the supplies. All MP8796 inputs have input pro- the MP8796 
tection diodes which will protect the device from short tran- , 
sients outside the supply ranges. 8. DVpp and AVpp are connected inside the MP8796 through 

the N — doped silicon substrate. Any DC voltage difference 

3. Thedesign of aPC board will affect the accuracy of MP8796. between DVpp and AVpp will pith ie aoe ‘lenin 

Use of wire wrap is not recommended. iranirs 

4. Theanalog input signal (Vin) is quite sensitive and should be 9. Each power supply and reference voltage pin should be 

properly routed and terminated. It should be shielded from decoupled with a ceramic (0.1uF) anda tantalum (10uF) ca- 
the clock and digital outputs so as to minimize cross coupling pacitor as close to the device as possible 
and noise pickup. 

; : ; 10. The digital output should not drive long wires. The capacitive 

= The oy NPULEnSUIe He Sieh By A IOW IMPoeenGe Ges coupling and reflection will contribute noise to the conver- 

than ) sion. When driving distant loads, buffers should be used. 

6. Anal nd digital | u ntial an 100Q resistors in series with the digital outputs in some ap- 


Vn ff J 7 ff 7 7 


common atone point only. The ground plane should act as a 
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Figure 13. Example of a Reference Voltage Source 


+5 V +5 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * Cj of ADC) time constant. Therefore, for different 


applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 14. +5 V Analog Input 


+5 V +5 V 


+10V 2R 
VREF(+) AVpp 


Ain DBO 
VREF(-) AGND 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cj, of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 15. +10 V Analog Input 
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DACs MP7226 
or MP7641 


@ Power Down write values to DAC 1 = DAC 2 to minimize power consumption. 
Only Ajj, and Ladder detail shown. 


Figure 16. A/D Ladder with Programmed Control 
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PERFORMANCE CHARACTERISTICS 


Vdd=5 V 
Vref(+)=4.6V 
eT 


Cet FJ Ps ot | 
TT 


x 
TTP NET 
ae 
1 10 


1 
Fs(MHz) 


Graph 1. DNL vs. Sampling Frequency 


1 
Fs(MHz) 


Graph 3. Supply Current vs. 
Sampling Frequency 


Vdd=5V 
Fs=1MHz 
NEG. DNL 
0.6 1.1 1.6 2.1 6 3.1 3.6 41 4.6 


Zz 
Vrefp-p(V) 


05 


DNL(LSB) 
oOo 


05 


Graph 5. DNL vs. Reference Voltage 
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Graph 2. INL vs. Sampling Frequency 
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Graph 4. Power Down Current vs. 
Sampling Frequency 
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Graph 6. DNL vs. Temperature 
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mA) 


Idd(mA) 
Power Down Idd( 


Temperature(C) Temperature(C) 


Graph 7. Supply Current vs. Graph 8. Power Down Current vs. 
Temperature Temperature 


Ret. Resistance(Kohm) 


Temperature(C) 


Graph 9. Reference Resistance vs. 
Temperature 
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FEATURES 


e 10-Bit Resolution 

e 4-Channel Mux 

e Sampling Rates from <1 kHz to 1 MHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


e No S/H Required for Analog Signals less than 100 kHz 


e No S/H Required for CCD Signals less than 1 MHz 
e Single Power Supply (4 to 6 Volts) 

e Latch-Up Free 

e High ESD Protection: 4000 Volts Minimum 

e 3 V Version: MP87L98 


GENERAL DESCRIPTION 


The MP8798 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 4-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP8798 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 1 MHz. The elimination of the S/H, requirements, very low 
power, and small package size offer the designer a low cost 
solution. No sample and hold is required for charge couple 
device applications, up to 1 MHz, or multiplexed input 
applications when the signal source bandwidth is limited to 100 
kHz. The input architecture of the MP8798 allows direct 
interface to any analog input range between AGND and AVpp (0 
to2V,1to4V, Oto 5V, etc.). The user simply sets Vaer(,) and 
VreF(-) to encompass the desired input range. 


Scaled reference resistor tap 1/2 R allows for customizing 


ORDERING INFORMATION 


Package 
com 


—40 to +85°C 


Temperature DNL INL 
| ee Part No. (LSB) (LSB) 


soic__| -4010+85°C | wpa7oeas es ee 


MP8798AN +1 


SSOP 4010 +85°C | MP8798AQ a a 


MP8798 


CMOS 
Very Low Power, 1 MSPS 10-Bit 


Analog-to-Digital Converter with 4-Channel Mux 


BENEFITS 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
Suitable for Battery & Power Critical Applications 
e Designer can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners & Copiers 
e Wireless Digital Communications 

e Multiplexed Data Acquisition 


the transfer curve as well as providing a 1/2 span reference 
voltage. Digital outputs are CMOS and TTL compatible. 


The MP8798 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down inputis “high”, the data outputs DB9 to 
DBO hold the current values and Vrer;_) is disconnected from 
VrReF1(-). [he power consumption during the power down mode 
is approximately 3mW. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP8798 is available in plastic 
dual-in-line (PDIP), surface mount (SOIC), and shrink small 
outline (SSOP) packages. 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 
‘s ® 


CLK N 


oFw p< 


Coarse 
Comparators 
OFW Ln 4 ) Ls 
— , pse-080 <M XL 
12R0 Fine DB9-DBO 
Resolution 
VREF(-) Com- 
VREF1(-) parators 
PD O 
CLK 
Aini O 
Ain2 O WR 
Ain3 
AIN4 O Al 


AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB3 DB2 
DB4 DB1 
DB5 DBO 
DB6 PD 
DB7 AVpp 
DGND AGND 
DVpp Ain4 
WR AIn3 
Al Aine 
AO AIn4 
CLK 1/2 R 
DB8 VREF1(-) 
OFW VREF(+) 


28 Pin PDIP (0.300”) 
NN28 


DB3 1 DB2 
DB4 2 DB1 
DB5 3 DBO 
DB6 4 PD 
DB7 5 AVpp 
DGND 6 AGND 
DVpp . Aina 
WR 8 AIN3 
A1 9 Aine 
AO Aint 
CLK 1/2 R 
DB8 VREF1(-) 
DB9 VREF(-) 
OFW VREF(+) 


28 Pin SOIC (Jedec, 0.300”) — S28 
28 Pin SSOP — A28 
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VREF(+) Upper Reference Voltage 


PIN OUT DEFINITIONS 


roe www | _senenrron DESCRIPTION 


Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 
Digital Ground 


VREF(-) Lower Reference Voltage 
VREF1(-) Lower Reference Voltage 
1/2R Reference Ladder Tap 
Aint Analog Signal Input 1 
Ain2 Analog Signal Input 2 
Ain3 Analog Signal Input 3 
Aina Analog Signal Input 4 
AGND Analog Ground 

AVop Analog Vpp 

PD Power Down 

DBO Data Output Bit 0 (LSB) 
DB1 Data Output Bit 1 

DB2 Data Output Bit 2 


Digital Vpp 

Write (Active Low) 
Address 1 Input 
Address 0 Input 

Clock Input 

Data Output Bit 8 

Data Output Bit 9 (MSB) 
Overflow Output 


1 
2 
3 
4 
5 
6 
7 
8 


—k «bh © 
—_ Oo 


a ee | 
- WwW DY 


TRUTH TABLE FOR INPUT CHANNEL SELECTION 


SELECTED ANALOG INPUT 


Aint 
Ain2 


AIn3 
Ain4 
Previous selection 


Note: WR, A1, AO are internally connected to GND through 
500kQ resistance. 


y Rv30 ff fF Ff fF f / TOM 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
VReF(+) = 4-6, VReF(-) = AGND, Ta, = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY2 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error Reference from VreF(+) to VReF(-) 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? AV REF 
Ladder Resistance Ry 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance! 

Ladder Switch Off Leakage! lLKG-Sw 


Sas Ss <= 


= 
> 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents Vin=DGND to DVpp 
CLK 
PD, (Internal Res to DGND) 

Input Capacitance 

Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C 
Symbol Min Typ Max Lie Test Conditions/Comments 


DIGITAL OUTPUTS Coyt=15 pF 


Logical “1” Voltage lLoap =2mMA 
Logical “O” Voltage lLoaD = 4mMA 
Tristate Leakage Vout = 0 to DVpp 
Data Hold Time (See Figure 1.)' tHLD 

Data Valid Delay’ to 

Write Pulse Width! twr 

Multiplexer Address Setup Time! tas 


Multiplexer Address Hold Time! tay 
Delay from WR to Multiplexer! 

Enable tmUXEN1 
Power Down Time! tpp 
Power Up Time! tpu 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOTES: 
1 Guaranteed. Not tested. 

e Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 
code width and the ideal value (VpgF/1024) is the DNL error (see Figure 3.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vin input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP8798 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NOOO SW 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Yop (OTOND) «ccs esesadsnnisieckoraswennse aw en +7V Storage Temperature ................0.4. —65 to +150°C 
VReF(+) & VREF(-) ++ 2 seer reer: GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vi) 22eyede we hagenseeedeestaas GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

All Inputs .....-......-0 eee e ee GND —0.5 to Vpp +0.5 V SOIC POP cnesieixguavesdecunedavenuwss 1000mW 
AIOUDUNS: «ccaesetescascauwns GND -0.5 to Vpp +0.5 V Derates above 75°C ................0 000 14mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 


(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 
3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP8798 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP8798 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Reef =1024*R Vaer= VREF(+) = VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dp (CLK 
high) and ds (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (@s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


when @s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next op 
phase. 


Ref 


Selected 
Range 


Os 


Figure 2. MP8798 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajyy sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj, sample and next Ajj; sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


kK 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Update Reference Stable Time — For Sample Ajj1 
References 
Clock Sample Aint Pans Sample Ain2 
Not Used 
Internal ®g Dg dis Dg ®p Ds 
Ain Sample [\ — \ [\ | es ' [—~ 
Window AinXO Sample Ajn1 AinX1 Sample Ajn2 
Ladder Sample Sample Ladder Sample Ladder Sample Ladder Sample Ladder 
Window (MSB Bank) for Aint for AjnX1 for Ain2 for AiyX2 
Ladder Compare Compare Ladder Compare Ladder Compare Ladder Compare Ladder 
(LSB Bank) V/S AinXO V/S Aint V/S AinX1 V/S Ain2 
External 
DATA DATA Aix DATA AiyX0 DATA Ain1 DATA AyX1 


Figure 3. Ain 


F300 f ff 


Not Used 


Sampling, Ladder Sampling & Conversion Timing 


3-278 


Not Used 


TOM 


we EXAR 
ELLE SALA 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW =0 [orm s 
sFFl | 


SFE 


V002 V3re  V3FF 


VREF(-) V001 


Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFry) takes place at: 

Vin = Vorw = Vrer(+) — 0-5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO1 = VREF(-) + 0.5 * LSB 

Vin = V3rr = VRer(+) — 1-5 * LSB 

LSB = Veer / 1024 = (Var¢ — VO01) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don’t fall 
exactly every Vpger/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vege =4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vint) — Vin) 
LSB =[ Veer) — Vrer-) | / 1024 


DNL wy = [ Vint) — Vw ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Es) are: 


DNL (001) = V002 — VO01 — LSB 


DNL (8FE) = V3rre — V3re — LSB 
Erg (full scale error) = V3er — [VRer(4) -1.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReF(-) + 0.5 * LSB] 


DIGITAL 
CODES 
1.57.38 


| 
| | 
| ott | 

V 
Vrer(-) VO0O1 002 V3FE V3FF VREF(+) 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 


MP8798 


Figure 7. gives a visual definition of the INL error. The chart 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the best fit line makes equal the positive and the negative 
INL errors. For example, an INL error of —1 to +2 LSB’s relative 
to the Ideal Line would be +1.5 LSB’s relative to the best fit line. 


Best Fit Line 


Real TransferLine # 


Ny 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 


Vop 
R Series 


40Q 
i pF 


Control 


Ain 


Channel 
Selection 


A system will clock the MP8798 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP8798 in balance and ready to sample the 
analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP8798 has very flexible input range characteristics. 
The user may set Vrery,) and Vr_er_) to two fixed voltages and 
then vary the input DC and AC levels to match the Vp_er range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP8798’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. Figure 9. 
shows the equivalent circuit for Ajy. 


40 Q 


1/2 [ VREF(+) 
4 pF ae + VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer Digital Interfaces 
The MP8798 includes a 4-channel analog input multiplexer. 
The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 10. The logic encodes the outputs of the comparators into a bi- 


nary code and latches the data in a D-type flip-flop for output. 


nee , Sample M . | Sample The functional equivalent of the MP8798 (Figure 12.) is com- 


posed of: 


i] 
! 
Old Address , New Address M+1 ‘ 
‘ i 1 
1 
i] 


i} 
toLks2} twr | tcLkH2 ! 


WR i a a 1) Delay stage (tap) from the clock to the sampling phase 
st (Qs). 


tas | TAH, 
> Em ©: 


2) Anideal analog switch which samples Vjy. 

3) An ideal A/D which tracks and converts Vij with no 
delay. 

: 4) Aseries of two DFF’s with specified hold (ty) p) and 


: . N-1 Valid N Valid M Valid 
paces naw ume, YX oli Xan poaririnit 


tcLks2 = tcLKH2 = 9 


Address Sy 


Figure 10. MUX Address Timing tap, typ and tp, are specified in the Electrical Characteristics 
table. 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing VIN 


Reference Voltages pB9.D80 a : : _ - 
The input/output relationship is a function of Vrer: . i 


Ain = Vin ~ VREF(-) Figure 12. MP8798 Functional Equivalent 


Vrer = VRer(+) — VREF(-) Circuit and Interface Timing 
DATA = 1023 * (Ajn/VreF) 


A system can increase total gain by reducing Vref. 
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Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 
down. L] ‘ ‘ ‘ ' ' 


: M+1 ¢ 


DBO-DB9 


N-2 Valid 


N-1 Valid 
i] r] 
tcLkKs1 > ‘< J CLKH1 ‘¢ 
t 
' 


lbp, IVREF(+) ———————— 
' ' ‘ 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 


+5 V 
* 
_——ooOo oOo -: Ps Cia, Coa Cip, Cap 
P | AVpp b b b b DVpp 
| 1 of 4 Z<1002 
| Aww (Substrate) OFW 
| (An) Buffer | Aa [> vse - DBo 
| Resistive | 
| Isolation of —| MP8798 WR 
| ¥, 50 to 10002 | AO 
eee _| At 
+ VREF(+) Co ) 
Reference 
C C 1/2 R 
Voltage _ : : Ci] Co Rr 
Source 


VREF(-) 


VREF1(-) 
AGND DGND 
Ao 


Figure 14. Typical Circuit Connections 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 


The following information will be useful in maximizing the per- 
formance of the MP8798. 


1, 


6. 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND —0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP8798 inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of MP8798. 
Use of wire wrap is not recommended. 


The analog input signal (Vjj) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Analog and digital ground planes should be substantial and 
common atone point only. The ground soil should actasa 
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paths. DGND should not be shared with other digital cir- 
cuitry. \f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP8798. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP8798 should be connected to AVpp next to 
the MP8798. 


DVpp and AVpp are connected inside the MP8798 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1uF) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajj. 
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0.1uF 


Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +5 V Analog Input 


+5 V +5 V 


1 of 4 +10v 2R 


AVpp 


VREF(+) 


DBO 


Aint 


AIna 


VREF(- AGND 
| Fn es oe 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 17. +10 V Analog Input 


V0 ff ff 7 fF TOM 


SSS 


MP8798 


MP8798 


DAC8 


‘iS 4a A A 


> 


DAC MP7641 


VREF1(-) 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 


Only Ajy and Ladder detail shown. 


Figure 18. A/D Ladder and Ajj with Programmed Control 
(of VREF(+), VREF(-), 1/2 TAP.) 
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PERFORMANCE CHARACTERISTICS 


he SV 
|| eat 4.6V 
eine a 


Fs(MHz) 


Graph 1. DNL vs. Sampling Frequency 


Fe(MHz) 


Graph 3. Supply Current vs. 
Sampling Frequency 


Fa 
Fa IMH2 


DNL(LSB) 


[ NEG. DNL | DNL 


svraie ite) 


Graph 5. DNL vs. Reference Voltage 


INL(LSB) 
Oo 


DNL(LSB) 
: =) 
i= ] o 


J 
a 


ez tt rece | || 
Vdd= And 
see LL ALL LL 
ee es )= wh 
SS 


roots | LLL 
ee 
pt PV STH 


Fs(MHz) 


Graph 4. Power Down Current vs. 
Sampling Frequency 


Vdd=5V 
Vref(+)=4.6V 
Vref(-)=0V 
Fs=1 MHz 


235 
Temperature(C) 


Graph 6. DNL vs. Temperature 


TOM 


Vref(-)=0V 
Fs=1MHz 


Vdd=5V 
Vref(+)=4.6V 


Vdd=5V 
Vref(+)=4.6V 


Idd(mA) 


Power Down Idd(mA) 
Oo 
> 


0.2 


25 65 -40 25 85 128 
Temperature(C) Temperature(C) 
Graph 7. Supply Current vs. Graph 8. Power Down Current vs. 
Temperature Temperature 


Vdd=5V 
Vref(+)=4.6V 


Vref(-)=0V 


Ref. Resistance(Kohm) 


Temperature(C) 


Graph 9. Reference Resistance vs. 
Temperature 
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FEATURES 


e 10-Bit Resolution 

e 8-Channel Mux 

e Sampling Rates from <1 kHz to 1 MHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


e No S/H Required for Analog Signals less than 100 kHz 


e No S/H Required for CCD Signals less than 1 MHz 
e Single Power Supply (4 to 6 Volts) 

e Latch-Up Free 

e High ESD Protection: 4000 Volts Minimum 

e 3 V Version: MP87L99 


GENERAL DESCRIPTION 


The MP8799 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 8-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP8799 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 1 MHz. The elimination of the S/H requirements, very low 
power, and small package size offer the designer a low cost 
solution. No sample and hold is required for charge couple 
device applications up to 1 MHz, or multiplexed input 
applications when the signal source bandwidth is limited to 100 
kHz. The input 
interface to any analog input range between AGND and AVpp (0 
to2V,1to4V, Oto SV, etc.). The user simply sets Vrer(4) and 
VrReF(-) to encompass the desired input range. 


ORDERING INFORMATION 


architecture of the MP8799 allows direct 


Package Temperature DNL INL 
tee Bis: Part No. (LSB) (LSB) 


pare | —4010+85°C | persone | +1 | 
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MP8799 


CMOS 
Very Low Power, 1 MSPS, 10-Bit 


Msc -to-Digital Converter with 8-Channel Mux 


BENEFITS 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners & Copiers 
e Wireless Digital Communications 

e Multiplexed Data Acquisition 


Scaled reference resistor tap @ 1/4R, 1/2 Rand 3/4 R allows 
for customizing the transfer curve as well as providing a 1/2 span 
reference voltage. Digital outputs are CMOS and TTL 
compatible. 


The MP8799 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vrery_) is disconnected from 
VrReF1(-). [he power consumption during the power down mode 
is approximately 3mW. 
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MT 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
AVpp AVpp DVpp 


Coarse 
Comparators 
OFW 
VREF(+) 
R3 9 . DB9-DBO 
R20 Resolution 
Com- 0 re)= 
R19 parators 
VREF(-) 
PDo 
VREF1(-) a 
AIn1 
' CLR 
WR 
' A2 
! Al 
AIns AO 


AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


See the following 
page for pin numbers 
and descriptions 
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PIN OUT DEFINITIONS 


cane tae | ___e DESCRIPTION 


Ne) 


3 
4 
2 
6 
7 
8 
9 
1 


at ok wk Sw ek ek ek ck 
Oo ON DO oO FB WO YO - CO 


Data Output Bit 6 

Data Output Bit 7 

Digital Ground 

Digital Ground 

Digital Vpp 

Clear (Active Low) 

Write (Active Low) 
Address 2 

Address 1 

Address 0 

Clock Input 

Output Enable (Active Low) 
No Connect 

Data Output Bit 8 

Data Output Bit 9 (MSB) 
Overflow Output 

Upper Reference Voltage 
Lower Reference Voltage 


Lower Reference Voltage 


cas DESCRIPTION 


Reference Ladder Tap 
No Connect 

Analog Signal Input 1 

Analog Signal Input 2 

Analog Signal Input 3 

Analog Signal Input 4 

Analog Signal Input 5 

Analog Ground 


Analog Vpp 


Analog Vpop 


Analog Signal Input 6 
Analog Ground 

Power Down 

Analog Signal Input 7 
Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 

Data Output Bit 3 

Data Output Bit 4 


Reference Ladder Tap Data Output Bit 5 


pe) 
je) 


No Connect 


ine) 
sy 


Reference Ladder Tap 
No Connect 


ae) 
Ne) 


Analog Signal Input 8 


TRUTH TABLE FOR INPUT CHANNEL SELECTION 


Selected 
Analog Input 


Ant 
Ant 
AIn2 
AIn3 
Aina 
AIN5 
AIN6 
A\N7 


AIns 


Previous 
Selection 


eae neee xR 


2 Coe (on, oe os i ee 
x Treat rez rst re x 


KX ELE Zz Zereoerersg x 


L 
4 
: 
- 
4 
4 
- 
H 
H 
- 


Note: CLR, WR, A2, A1, AO are internally connected to 
ground through 500kQ resistance. 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1 MHz (50% Duty Cycle), 
Vrer(+) = 4-6, VRer-) = AGND, Ta = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY (A Grade)2 


Differential Non-Linearity LSB 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error Reference from Vrer(+) to VREF(-) 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage® VREF 
Ladder Resistance Ry 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance! 

Ladder Switch Off Leakage’ liLKG-SW 


vow = =< 


| 
> 


ANALOG INPUT! 


Input Bandwidth 

Input Voltage Range’ VREF(+) 
Input Capacitance? 

Aperture Delay 45 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents Vin=DGND to DVpp 
CLK 
PD, OE (Internal Res to DGND) 

Input Capacitance 

Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 


TOM 
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Max ate Test Conditions/Comments 


Cout=15 pF 
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ELECTRICAL CHARACTERISTICS TABLE E (CONT D) 


DIGITAL OUTPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Tristate Leakage 
Data Hold Time (See Figure 1.)' 
Data Valid Delay! 
Write Pulse Width! 
Multiplexer Address Setup Time! tas 
Multiplexer Address Hold Time! 
Delay from WR to Multiplexer! 
Enable twUXEN1 
Power Down Time! tpp 
Power Up Time! tpy 


lLoap =2 mA 
ILOAD =4mA 
Vout = 0 to DVpp 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


BeTES: 

Guaranteed. Not tested. 
Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 
code width and the ideal value (Vper/1024) is the DNL error (see Figure 4.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 
See Vij input equivalent circuit (see Figure 9.). 
Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 
System can clock MP8799 with any duty cycle as long as all timing conditions are met. 
Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 
8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NOOB W 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)!: 2: 3 


Ver GO GND) is piveeviwshtas at eecnwecren anon: +7V Storage Temperature ................05. —65 to +150°C 
VReF(+)> VREF(-), VREF1(-) «+++ - => GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
All Atta cs seccscsnaecdesuee awed GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PU INDUS wicdeeataescenceescus GND —0.5 to Vpp +0.5 V Bee suds guneceeeeandeseeavencaneseweansces 450mW 
Pll UNOS. 4 sce ecceeceegsnscees GND —0.5 to Vpp +0.5 V Derates above 75°C .............. 2.00005 14mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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‘ t) 
‘ ‘ 
SAMPLE ' AUTO : SAMPLE 1 AUTO 1 SAMPLE 
N-1 ' BALANCE , N 1 BALANCE 1 N+1 
i] ; ' ' 
i] . ' 1 
i] 
— UT, ae 
ANALOG 7 
INPUT 
DATA 


Figure 1. MP8799 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP8799 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 


The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rraep=1024*R Veaecr= VREF(+) on VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dp (CLK 
high) and dg (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (0s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


te” EXAR 


ae ES ‘ 
when ds disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next op 
phase. 


Ref 


Selected 
Range 


ds 


Figure 2. MP8799 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. A;y sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj, sample and next Aj, sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


kK 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajjn2 
Update Reference Stable Time — For Sample Ajnj1 
References 
Clock Sample Ajn1 es Sample Ain2 
Not Used 
Internal Dp Ds p Ds pg Ds 
Ain Sample [\ / \ [\ / \ [ 
Window AinXO Sample A\n1 AinX1 Sample Ajn2 
; Ladder Sample Sample Ladder Sample Ladder Sample Ladder Sample Ladder 
Window (MSB Bank) for Aint for AinX1 for Ain2 for AinX2 
Ladder Compare Compare Ladder Compare Ladder Compare Ladder Compare Ladder 
(LSB Bank) V/S AjnX0 V/S Ain V/S AjnX1 V/S Ain2 
External 
DATA DATA Ano DATA AyXO DATA Ant 


Figure 3. Ain 
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Not Used 


Sampling, Ladder Sampling & Conversion Timing 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 


Figure 4. 
DIGITAL 
CODES 
0.5 * LSB 0.5* LSB 
OFW =0 [orm =1 
3FFl | 


3FE 


Vrer(-) VOO1 Vvo002 V3re VsaerF Vorw VREF(+) 
Figure 4. Ideal A/D Transfer Function 


The overflow transition (Vofyw) takes place at: 
Vin = Vorw = VRer(+) — 0.5 * LSB 


The first and the last transitions for the data bits take place at: 


VIN = YOO1 = VREF(-) + 0.5 * LSB 
VIN = V3FF = VREF(-) —1.5*LSB 
LSB = Vrer / 1024 = (Vae¢ — VO01) / 1022 


Note that the overflow transition is a flag and has no impact on 


the data bits. 


In a “real” converter the code-to-code transitions don’t fall 


exactly every Vrag-/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 


the real width of a particular code is larger than 1 LSB. This error 


is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vacep = 4.608 V then 1 LSB=4.5 mV and every code 


width is within 2.25 and 6.75 mV. 


Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vin+1) — Vin) 
LSB =[ VRE) — VREF(O 1 Wat 


DNL) = [ Vines) — Vin) ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = V0O02 — VO01 — LSB 


DNL (3FE) = V3er — V3¢¢ — LSB 
Erg (full scale error) = V3rr — [VRer(4) -1-.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReF(_) + 0.5 * LSB] 


DIGITAL 


CODES 
0.5 * LSB 


1.5 * LSB 


Vrer(-) VO001 V002 V3FE 


V3FF VREF(4) 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 


shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the best fit line makes equal the positive and the negative 
INL errors. For example, an INL error of —1 to +2 LSB’s relative 
to the Ideal Line would be +1.5 LSB’s relative to the best fit line. 


Best Fit Line 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 
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A system will clock the MP8799 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP8799 in balance and ready to sample the 
analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP8799 has very flexible input range characteristics. 
The user may set Vaer(.) and VRerr_) to two fixed voltages and 
then vary the input DC and AC levels to match the Vagr range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP8799’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. Figure 9. 
shows the equivalent circuit for Ajj. 


40 Q 


87 pF 


1/2 [| VREF(+) 
4 pF Jb + VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer 


The MP87939 includes a 8-Channel analog input multiplexer. 
The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 10. 


Clock ‘i ' ' ‘ ' 
Sample N , 1» SampleM , ‘ Sample , 
Old Address , Wew Address, M+1 ’ 

‘ ' 1 r 

te_ks2! — twr! tcikH2! 

ee ‘ i] 


; N-1 Valid N valid M Valid 
DBO-DB9 _N-2 valid Old Address Old Address New Address 


tcLKs2 = tcLkH2 = 0 
Figure 10. MUX Address Timing 


A2, Ai, AO 


WR 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing 
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Reference Voltages 


The input/output relationship is a function of Vper: 
Ain = Vin - VREF(-) 
VreF = VREF(+) — VREF(-) 
DATA = 1023 * (Ajn/VreF) 


A system can increase total gain by reducing Vper. 


Digital Interfaces 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data ina D-type flip-flop for output. 


The functional equivalent of the MP8799 (Figure 12.) is com- 
posed of: 
1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 
2) An ideal analog switch which samples Vn. 
3) An ideal A/D which tracks and converts Vj with no 
delay. 
4) Aseries of two DFF’s with specified hold (typ) and 
delay (tp,) times. 
tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 
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Figure 12. MP8799 Functional Equivalent 
Circuit and Interface Timing 


TOM 


MP8799 
ee 


Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 


down. ‘ i] 1 ‘ t 1 
t i] t ‘ i] i] 
i] ] 

CLK ' ' ' 
SAMPLE ' . ' samPLe ! ' SAMPLE ! 
N 1 1 ‘ M ‘ 1 M+1 1 
i] 1 ‘ i] 

i] i] i] 
' 1 1 
VIN t 1 i] i] 
‘ ' ' i] 


DBO-DB9 _N-2 Valid M Valid 
tcLks1 © s ) tCLKH1 “ 
i] : ' ' 
PD ' ' 
>, tpp ‘¢ > tpu ic 
lbp, IVREF(4+) a 
' 1 1 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 
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Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP8799. 


ie 


6. 


Fy Rv30 fF fF Ff ff ff / 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND —0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP8799 inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of MP8799. 
Use of wire wrap is not recommended. 

The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 


the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


. The analog input should be driven by a low impedance (less 


than 50Q). 


Analog and digital ground planes should be substantial an 
common atone point only. The ground plane should act as a 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. |f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP8799. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP8799 should be connected to AVpp next to 
the MP8799. 


DVpp and AVpp are connected inside the MP8799 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1uF) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 
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Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 
a 
| 1of8 cy 
l VREF(+) AVpp 
| 
| 
| Aint DBO 
| 
| Ains 
a ae 


VREF(-) AGND 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +5 V Analog Input 
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For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 
Input 


Figure 17. +10 V Analog 
a SN cs 
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@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 


Only Ajj and Ladder detail shown. 


Figure 18. A/D Ladder and Ajj with Programmed Control 
(of VREF(+), VREF(-), 1/4 and 3/4 TAP.) 
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PERFORMANCE CHARACTERISTICS 
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Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 
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Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
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Graph 5. DNL vs. Reference Voltage Graph 6. DNL vs. Temperature 
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Graph 7. Supply Current vs. 
Temperature 
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Graph 9. Reference Resistance vs. 
Temperature 
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Graph 8. Power Down Current vs. 
Temperature 
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MP87091 


CMOS 750 KSPS, 12-Bit 
EXAI ai Analog-to-Digital Converter 
with Parallel Logic Interface Port 


444 ff 


VID 
/N 


FEATURES APPLICATIONS 

e 12-Bit Monotonic ADC e Control Systems 
e SNR > 66 dB e Instrumentation 
e Sampling Frequency < 750 kHz e DAS 

e Internal Track and Hold e Sonar 


e Single 5 V Supply 

e Rail-to-Rail Input Range 

e DNL = +1 LSB, INL = +2 LSB 

e Vref Range: 1.5 V to Vpp 

e CMOS Low Power: 175 mW (typ) 

e 1/4, 1/2 and 3/4 Scale Reference Resistor Taps 

e Three-State Outputs 

e Binary and Two’s Complement Digital Output Mode 
e Latch-Up Proof 


GENERAL DESCRIPTION 
The MP87091 is a 750 kHz 12-bit subranging Data is presented at the parallel output port every clock cycle 
Analog-to-Digital Converter with an an internal track and hold. after a 2.5 cycle pipeline delay from sample edge. The digital 


output port is also equipped with a three-state function. MINV 

The MP87091 operates with a single 5 V supply while enables binary and 2’s complement data formatting. Through 

consuming less than 175 mW of power (typical). Separate pins pins R1-R3, transfer function adjustment, linearity, and speed 
for Var and Vag allow flexibility for various Ajy and AVpe_r. enhancement can be accommodated. 


SIMPLIFIED BLOCK DIAGRAM 
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ORDERING INFORMATION 


[poe | -aot0ve5°c | wravooran [et | at 
SOIC -4010+85°C_| MP87091AS 21/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


DB11 DB10 DB11 


1 DB10 
AGND DBS AGND 2 DB9 
AINn DB8 AIn 3 DB8 
AVpp DB7 AVop 4 DB7 
R2 DB6 R2 5 DB6 
R3 CLK R3 6 CLK 
R1 OE R1 7 OE 
VRB Aperture Vas 8 Aperture 
VAT DGND Vat 9 DGND 
AVpop DVpp AVop DVpp 
AGND DB5 AGND DB5 
MINV DB4 MINV DB4 
DBO DB3 DBO DB3 
DB1 DB2 DB1 DB2 
28 Pin PDIP (0.600”’) 28 Pin SOIC (EIAd, 0.335”) 
N28 R28 


PIN OUT DEFINITIONS 


Data Output Bit 11 (MSB) Chom i Output Bit 2 

Analog Ground DB3 Data Output Bit 3 

Analog Input DB4 Data Output Bit 4 

Analog Power Supply DB5 Data Output Bit 5 

Ref. Resistor Ladder Tap (1/2 Vref) DVpp Digital Power Supply 

Ref. Resistor Ladder Tap (3/4 Vref) DGND Digital Ground 

Ref. Resistor Ladder Tap (1/4 Vref) Aperture Delayed Clock, indicates sample point 
Bottom Reference Output Enable (Active Low) 


Top Reference Clock 


Analog Power Supply Data Output Bit 6 
Analog Ground Data Output Bit 7 
Invert MSB (Active High) Data Output Bit 8 
Data Output Bit 0 (LSB) Data Output Bit 9 
Data Output Bit 1 Data Output Bit 10 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 750 kHz (50% Duty Cycle), 
Vat = 5.0 V, Vag = AGND, TA = 25°C, Ajy Connected through 39Q, Aperture Connected to OE 


25°C 
Parameter Symbol Min Typ Max has | Test Conditions/Comments 


KEY FEATURES | ~ 


Resolution 
Sampling Rate 


For rated accuracy 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 
(Max INL — Min INL)/2 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Top Ref. Voltage 
Bottom Ref. Voltage 

Differential Ref. Voltage® 
Ladder Resistance 


ANALOG INPUT 


Input Bandwidth (—3 dB)4 
Input Voltage Range 
Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay from Clock 
Aperture Delay from Aperture 
Signal 


Aperture pin load 5 pF. 
Measured at 50% point. 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “0” Voltage 
Leakage Currents § 

CLK, OE, MINV 
Input Capacitance 
Clock Timing 

Clock Period 
Rise & Fall Time” 
“High” Time 
“Low” Time 


Vin=DGND to DVpp 


Functional 


DIGITAL OUTPUTS Coyr=15 pF 


ILoaD = 4 MA 
loap=4MA 
VouT=DGND to DVpp 


Logical “1” Voltage 
Logical “O” Voltage 
Three-State Leakage 
Data Valid Delay 

Data Enable Delay 
Data Three-State Delay 


F Rev. 200 ff ff ff TO)M 
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Parameter 


POWER SUPPLIES® 
(Tmin to Tmax) 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS 


Signal Noise Ratio 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (V)jy). The difference between the measured and the 
ideal code width (Vper/4096) is the DNL error. The INL error is the maximum distance (in LSB’s) from the best fit line to 
any transition voltage. Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4-3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 A839 Q resistor should be put in series with Ajj to dampen transients with inductive output impedance of typical op amps. 

6 All inputs have diodes to Vpp and GND. Input(s) OE and MINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. 

7 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

8 AGND & DGND pins are connected through the silicon substrate. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Von GND scucnaceone 2508 eee edbowekaeane ese andes 7V Storage Temperature ................... —65 to +150°C 
Weg VAs ssbaveredsereaseeaa Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
PAM weve oy é cus Gueanueeaceaees Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

All Inputs ...........0eeeeeeeee Vpp +0.5 to GND -0.5 V PDIP, SOIC 0... cece cee cece cece ee eee 450mW 
ALOIS pixcnecacvadancauas Vpp +0.5 to GND -0.5 V Derates above 75°C ...............0.00 00 6mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 2. Three-State Timing Diagram 


OVERVIEW OF THE MP87091 OPERATION 
OE: Output Enable (input) 


This signal controls the 3-state drivers on the digital outputs 
DBO - DB11. During normal operation OE should be held low so 
that all outputs are enabled (NOTE: an internal resistor will pull 
OE to this level if it is not connected). When OE is driven high 
DBO - DB11 go into the high impedance mode. This control op- 
erates asynchronously to the clock and only controls the output 
drivers. The internal output register will get updated if the clock 
is running while the outputs are in 3-state mode. If possible, OE 
should be in three-state during Clock = 1 to reduce digital noise 
coupling into Ajy during the sample time. Aperture provides a 
convenient control for this purpose since it guarantees that the 
Ain Sample period is complete when the outputs are enabled. 


APERTURE: Aperture Delay Sync (Output) 


This signal is high when the internal sample/hold function is 
sampling Vn, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 
der). The value of Vj, at the high to low transition of APERTURE 


Vin20f J 7 f ff 


is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. The Aperture pin may also be used to 
control the OE (outputs between three-state and active mode). 
This will reduce the errors introduced by digital output coupling 
during the Ajj sample time. Specifications are based on this 
connection. 


MINV: Digital Output Format (input). 


This signal controls the format of the digital output data bits 
DBO — DB11. Normally it is held low so the data is in straight 
binary format (all 0’s when Vy = Vag; all 1’s when Vin = Vez). If 
MINV is pulled high then the MSB (DB11) will be inverted. 


MINV is meant to be a static digital signal. If it is to change 
during operation it should only change when the CLK is low. 
Changing MINV on the wrong phase of the CLK will not hurt any- 
thing, but the effects on the digital outputs will not be seen until 
the output latch of the output register is enabled. MINV has a 
internal pull down device. 


TOM 
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Figure 3. MINV Simplified Logic Circuit 


Ain Analog Input 


A 50 to 75Q resistor in series with this pin will minimize Ajj 
interaction with the signal source. 


AVop 


502 41pF 502 


Ain 


CLK 


AGND 


Figure 4. Equivalent Input Circuit 


R1, R2, R3: Reference Ladder Taps. 


These taps connect to every 1/4 point along the reference 
ladder; R1 is 1/4th up from Vp, R3 is 3/4ths up from Vap (or 
1/4th down from Vprt). Normally these pins should have 0.1 mi- 
crofarad capacitors to GND, this helps reduce the INL errors by 
stabilizing the reference ladder voltages. 


These taps can also be used to alter the transfer curve of the 
ADC. A4segment, piecewise linear, custom transfer curve can 
be designed by connecting voltage sources to these pins. 


This may be desirable to make the probability of codes for a 
certain range of Vij be enhanced or minimized. 


Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 


Ee EXAR 


The internal interconnect resistance from each of the tAP 
pins to the ladder is less than 3Q. 


1.6V maximum per tap is recommended for applications 
above 85°C. Up to 3.2V is allowed for applications under 85°C. 
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Figure 5. A Piecewise Linear 
Transfer Function 


R2 MP87091 


Only the Ladder detail shown. 
Figure 6. A/D with Programmed Ladder 


Control for Creating a Piecewise Linear 
Transfer Function 
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PERFORMANCE CHARACTERISTICS 
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FEATURES 


e 12-Bit Monotonic ADC with DNL = +1 LSB, INL = +2 LSB 


e SNR > 66 dB 

e Sampling Frequency < 750 kHz 

e Internal Track and Hold 

e Single 5 V Supply 

e Rail-to-Rail Input Range 

e Vref Range: 1.5 V to Vpp 

e CMOS Low Power: 175 mW (typ) 

e Binary and Two’s Complement Digital Output Mode 
e Serial Port 


GENERAL DESCRIPTION 


The MP87092 is a 12-bit 750 kHz _ subranging 
Analog-to-Digital Converter with an internal track and hold. 


The MP87092 operates with a single supply ranging from +3 


V to +5 V while consuming less than 175 mW of power (typical). 
Separate pins for Vaz and Vpp allow flexibility for analog input 


SIMPLIFIED BLOCK DIAGRAM 


AVpp AGND 
(3 Pads) (3 Pads) 
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MP87092 


CMOS 750 KSPS, 12-Bit 
Analog-to-Digital Converter 


e Underflow Outputs 

e Precision Aperture Output 
e 6 Reference Resistor Taps 
e Latch-Up Free 


APPLICATIONS 


e Control Systems 
e Instrumentation 
e DAS 

e Sonar 


(Vin) and the reference voltage range (AVper). 


Data is presented at the output port every clock cycle after a3 
cycle pipeline delay. The digital output port is equipped with a 
serial data port. LINV and MINV enable binary and 2’s 
complement data formatting. Access is provided to 6 ladder tap 
pins, providing for transfer function adjustment. 


with Serial Logic Interface Port 


REF Ladder 
R12 
MSB 
Comparators 
Encoder +o 
R9 and ao 
R8 Error 6 > 
R7 Correction oc 
LSB Logic 
R5 Comparators 
PLOAD 
VRB SCLK 
SDO 


VIN Aperture CLK 


y Fev.i00 ff ff ff ff TCM | 
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ORDERING INFORMATION 


| pole | -40t0+85°C | p87092AN 2 112 


SOIC -40 to+85°C | MP87092AS 2 1/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


R9 R5 1 RQ 
R7 AGND 2 R7 
N/C VIN 3 N/C 
N/C AVpp 4 N/C 
PLOAD R8 5 PLOAD 
CLK R12 6 CLK 
Aperture R4 7 Aperture 
SCLK VreB 8 SCLK 
DGND Vat 9 DGND 
DVpp AVpp DVpp 
SDO AVpp SDO 
N/C AGND N/C 
UFW AGND UFW 
LINV MINV LINV 
28 Pin PDIP (0.600”) 28 Pin SOIC (EIAJ 0.335”) 


N28 R28 


PIN OUT DEFINITIONS 


Ref. Resistor Ladder Tap (5/16 Vref) 
Analog Ground 


DESCRIPTION 


—_ 


Invert LSB (Active High) 
Underflow Bit 

No Connection 

Serial Data Out 


Analog Input 

Analog Positive Supply 
Ref. Resistor Ladder Tap (1/2 Vref) DVpp Digital Positive Supply 

Ref. Resistor Ladder Tap (3/4 Vref) DGND Digital Ground 

Ref. Resistor Ladder Tap (1/4 Vref) SCLK Serial Clock 

Negative Reference ‘| Aperture Aperture Delay Sync 

Clock 

Serial Shift Register Data Load 


No Connection 


Positive Reference 


-> © ON OO FP WO PP 


Analog Positive Supply 
Analog Positive Supply 
No Connection 

Ref. Resistor Ladder Tap (7/16 Vrer) 
Ref. Resistor Ladder Tap (9/16 Vrgr) 


Analog Ground 
Analog Ground 
Invert MSB (Active High) 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, FS = 750 kHz (50% Duty Cycle), 
VreF(+) = 9-0 V, VRer(_) = AGND, TA = 25°C, Vin Connected through 392 


25°C 
Symbol Min Typ Max ome! Test Conditions/Comments 


KEY FEATURES 


Resolution Bits 
Sampling Rate KHz 


ACCURACY!’ 


Differential Non-Linearity 
Integral Non-Linearity + Best Fit Line 
(See Graph 3.) (Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 


Negative Ref. Voltage 
Differential Ref. Voltage? 4.5 to 5 V is recommended for 


specified performance 
Ladder Resistance 


ANALOG INPUT 


Input Bandwidth (-3 dB)4 
Input Voltage Range 

Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay from Clock 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents © Vin=DGND to DVpp 
CLK, MINV, LINV 
Input Capacitance 
Clock Timing 
Clock Period 
Rise & Fall Time?” 
“High” Time 
“Low” Time 
Duty Cycle 
Serial Register Timing 
Shift Clock Period 
Shift Clock to Data Delay 
Minimum Pulse Width PLOAD 
ClockT to PLOAD\ For 
Valid D114 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage lloap =4mA 

Logical “1” Source Current Von = DVpp-0.5 
Logical “0” Voltage ; lloap=4mA 

Logical “O” Sink Current Vo. = 0.5 V 

Tristate Leakage VouT=DGND to DVpp 


Data Valid Delay? 


™ 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


POWER SUPPLIES® 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS 


Signal Noise Ratio Vin = 5 Vp-p, 1 kHz 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vjj). The difference between the measured and the 
ideal code width (Vp_er/4096) is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage. Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

4-3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

© A39Q resistor should be put in series with Vj to dampen transients associated with inductive output impedance of typical op amps. 

6 All inputs have diodes to DVpp and DGND. Input(s) MINV and LINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. 

7 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

8 AGND & DGND pins are internally connected through the silicon substrate. 


w 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2: 3 


Veep OGD weexcusneceewveradenvitedtorvenweades 7V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vat & VpB CREDA oEMDOE Ree BT Vpp +0.5 to GND -0.5 V ee ; 

All Inputs ...............0.000. Vpp +0.5 to GND -0.5 V Package Power Dissipation Rating @ 75°C 

Digital OUIPING o6.cccccvesecacne Vpp +0.5 to GND -0.5 V PUP, GG: 2:30 c0kovedéaereornasanvasana 1000mW 
Storage Temperature ................4.- —65 to +150°C Derates above 75°C ..............00 cee 14mW/°C 
NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Pipeline Delay 


Analog 
oe A sampling A 
™ Points 
DATA _N-3 N-2 


DNL LSB 
V(N+1) 
Analog 
Input 
V(N) 
Output 
Codes 


N +1 
rt ; 
N-1 
Code Width (N) = Vint) — Vin) 
LSB = [ Vat — Vrs ]/ 4096 


DNL = [ Vinet) — Vin) ] - LSB 


Figure 2. DNL Measurement 


UFW: Underflow (Output) 


This signal indicates when the Analog Input (Vij) goes out- 
side the Vpp range, and is normally at a low logic level. When 
Vin < Vag, UFW will go high and the data bits will show negative 
full scale (i.e. all O's if MINV & LINV are low). 


SDO: Serial Data output 


After the internal shift register is updated using the PLOAD 
signal, the SDO pin outputs the A/D result starting with the MSB 
(which appears just after the PLOAD strobe). Each bit is output 
on the rising edge of SCLK. 
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N+1 


Output 
Codes 


Best Fit Line 


Real Transfer Line 


Ideal Transfer Line 


Analog Input (Volt) 
Figure 3. INL Error Calculation 


SCLK: Serial Data Port Clock 


The SCLK controls the output of the serial port through SDO. 
SDO is updated on every rising edge of SCLK. The PLOAD sig- 
nal will override the SCLK signal. 


PLOAD: 


Serial data port shift register load: When PLOAD is low (i.e. 
level triggered not edge triggered) the current parallel data will 
be loaded into the shift register. PLOAD overrides SCLK. When 
PLOAD is high, the data can be shifted out through the SDO pin 
with SCLK. 
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; 
Ié Time = N je SSID 


DATA N 
CLK — | ys para vauip Po 
PLOAD a 


fe 


+l <— tsp 


SDO 
soo —LonXow) 


Sample N —3 Data 


I€Time =N 
CLK _ | N-3 DATA VALID 
Ke tcp 
PLOAD 7 fF 
ts ie 


Ke tsp 


DB11 available on falling edge of PLOAD 


Note: Avoid SCLK and CLK Clock Edges Being Coincident 


Figure 4. Serial Port Timing Chart 


APERTURE: Aperture Delay Sync (output) 


This signal is high when the internal sample/hold function is 
sampling Vin, and goes low when itis in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 


der). The value of Vj, at the high to low transition of APERTURE 
is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. 


binary 


inverted 
2’s complement 


inverted 
binary 


2’s complement 


Table 1. Output Data Format Truth Table 


MINV & LINV: Digital Output Format (inputs) 


These signals control the format of the digital output data bits 
DBO —DB11. Normally both pins are held low so the data is in 
straight binary format (all 0’s when V)y=Vpp; all 1’s when 
Vin=Vpart). If MINV is pulled high then the MSB (DB11) will be 
inverted. If LINV is pulled high then the LSBs (DBO — DB10) will 
be inverted. The OFW and UFW bits are not affected by these 
signals. 


MINV & LINV are meant to be static digital signals. If they are 
to change during operation they should only change when the 
CLK is low (assuming PHASE is high, if PHASE is low then 
these signals should only change when CLK is high). Changing 
MINV and/or LINV on the wrong phase of the CLK will not hurt 
anything, but the effects on the digital outputs will not be seen 
until the output latch of the output register is enabled. MINV and 
LINV have internal pull down devices. Please see the simplified 


logic circuit NO TAG 
TOM 
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MINV or LINV 


Figure 5. MINV, LINV Simplified Logic Circuit 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vj is sampled at the high to low clock transition. 
The diagram NO TAG shows an equivalent input circuit. 


AVpp 


41pF 50Q 


VIN 


AGND 
C, at PHASE = 1 


Figure 6. Equivalent Input Circuit 


Reference Ladder Taps 


These taps connect to every sixteenth point along the refer- 
ence ladder; R4 is 4/16th up from Vpp, R7 is 7/16ths up from 
Vap. These taps can be used to alter the transfer curve of the 
ADC. The internal interconnect resistance from the pin to the 
ladder is less than 3Q for the even numbered taps, (i.e. R4,R6, 
etc.) and is approximately 10Q for the odd numbered taps. 


Altering the transfer curve may be desirable to enhance or 
minimize the probability of codes for a certain range of Vin. 

Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 

0.8 V maximum per tap is recommended for applications 
above 85°C. Up to 1.6 V is allowed for applications under 85°C. 
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Vin Signals should not exceed AVpp +0.5V or go below 
AGND -0.5V. All pins have internal protection diodes that will 
protect them from short transients (<100us) outside the supply 
range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between any AGND or 
DGND pins will cause undesirable internal substrate currents. 


The power supply (Vpp) and reference voltage (Vat & Vag) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
capacitive coupling and reflections will contribute noise to the 
conversion. 


The reference tap pins (R1-R12) can be used to create piece- 
wise-linear transfer functions. By forcing voltages on these 
pins, an 8 segment transfer function can be made. See NO TAG 


R7 ™MP87092 


R5 


R1 


MP7228 


Only the Ladder detail shown. 


Figure 7. A/D with Programmed Ladder Control for 
Creating a Piecewise Linear Transfer Function 
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PERFORMANCE CHARACTERISTICS 


ee ee ee ee ae 
T AND VRB SET ACCORDING TO VDD 


| 


912 1024 1536 2048 2560 3072 3584 4096 


0 


CODE WIDTH 


Fs (MHz) 


Graph 2. DNL Error Plot 


Ipp VS: Fs 


Graph 1. 
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Graph 3. INL Error Plot 
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FEATURES 


e 10-Bit Resolution 

e Sampling Rates from <1 kHz to 750 KSPS 

e DNL better than 1/2 LSB up to 750 kHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


e No S/H Required for Analog Signals less than 100 kHz 
e No S/H Required for CCD Signals less than 750 kHz 


e Single Power Supply (4 to 6.5 Volts) 

e Latch-Up Free 

e High ESD Protection: 4000 Volts Minimum 
e 20 Pin Package: MP8796 


BENEFITS 


MP87095 


CMOS 
750 KSPS, Very Low Power, 10-Bit 
Analog-to-Digital Converter 


e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 
e Multiplexed Data Acquisition 

e Radar Pulse Analysis 

e Low Power A/D Applications 


GENERAL DESCRIPTION 


The MP87095 is a flexible, easy to use, precision 10-bit A/D 
Converter that operates over a wide range of input and sampling 
conditions. The MP87095 can operate with pulsed “on demand” 
conversion operation or continuous “pipeline” operation for 
sampling rates up to 750 kHz. The elimination of the S/H and 
small package size offer the designer a low cost solution. No 
sample and hold is required for charge couple device 
applications up to 750 kHz, or multiplexed input applications 
when the signal source bandwidth is limited to 100 kHz. The 
input architecture of the MP87095 allows direct interface to any 
analog input range between AGND and AVpp (0 to 2 V, 1 to 4 V, 0 
to 5 V, etc.). The user simply sets VRer(4) and Vrer-) to 
encompass the desired input range. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Coarse 
Comparat 


Com- 
parators 


Viv20f J 7 ff 7 7 


© O 


Scaled reference resistor taps 1/4 R and 3/4 R allow for 
customizing the transfer curve. Digital outputs offer tri-state 
operation and all digital pins are CMOS and TTL compatible. 


The MP87095 uses a subranging technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vrer;_) is disconnected from 
VReF1(-). }he power consumption during the power down mode 
is approximately 3mW. 


CLK N 


orw p< 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


Plastic Dip | —40to+85°C | MP87095AN 
SOIC -40to+85°C | MP87095AS 


PIN CONFIGURATIONS 


DB2 DB3 es DB2 
DB1 DB4 2 DB1 
DBO DB5 3 DBO 
PD DB6 4 PD 
AVpp DB7 5 AVop 
AGND DGND 6 AGND 
VIN DVpp VIN 
3/4 R CLK 8 3/4 R 
1/4R OE 9 1/4 R 
VREF1(-) DB8 VREF1(-) 
VREF(+) OFW VREF(+) 
24 Pin PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300’) 
NN24 $24 


PIN OUT DEFINITIONS 


am ae DESCRIPTION 


Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 


med nae {_vesenerion __ DESCRIPTION 


Upper Reference Voltage 

Lower Reference Voltage 

Lower Reference Voltage 
Reference Ladder Tap @ 1/4 FS 
Reference Ladder Tap @ 3/4 FS 
Analog Signal Input 


Digital Ground 
Analog Ground 


Digital Vpp 
Clock Input Analog Vpp 
Output Enable (Active Low) 
Data Output Bit 8 

Data Output Bit 9 (MSB) 


Overflow Output 


Power Down 


- © DOAN OO fF WO NY — 


io) 


Data Output Bit 0 (LSB) 
Data Output Bit 1 
Data Output Bit 2 


—_ —_» 
no — 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 0.75 MHz (50% Duty Cycle), 
VreF(+) = 4-6, Vrer(-) = AGND, Ta = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY2 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error Reference from Vr_er(+) to VReF(_) 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage® VreF 
Ladder Resistance Ry 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance 

Ladder Switch Off Leakage liLKG-SW 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “0” Voltage 

Leakage Currents Vin=DGND to DVpp 
CLK 
PD, OE (Internal Res to GND) 

Input Capacitance 

Clock Timing (See Figure 1.) 
Clock Period 


Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 Functional 


DIGITAL OUTPUTS Cou7=15 pF 


Logical “1” Voltage ILoAD = 2 MA 

Logical “0” Voltage ' loap =4mA 

Tristate Leakage Vout = DGND to DVpp 
Data Hold Time (See Figure 7.)' 

Data Valid Delay’ 


MP87095 . ¥ EXAR 


Test Conditions/Comments 


ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 
Cout=15 pF 
ns 
ns 
ns 
ns 
ns 
ns 
mA 
V 
mA VIN =2V 
NOTES: 
1 Guaranteed. Not tested. 


DIGITAL OUTPUTS (CONT’D) 
2 Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 
code width and the ideal value (Vp_e¢/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 
See Viq input equivalent circuit (see Figure 9.). 
Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 
System can clock MP87095 with any duty cycle as long as all timing conditions are met. 
Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 
8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


tpEN 
tpHz 
teLks1 
tCLKH1 
tpp 
teu 


Data Enable Delay! 

Data Tristate Delay’ 
Clock to PD Set-up Time! 
Clock to PD Hold Time! 
Power Down Delay! 
Power Up Delay! 


POWER SUPPLIES® 


IDDOWN 
Vop 
lbp 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Mat tt ar Gh) nevece meer aoseey exaugesecates errry +7V Storage Temperature ................... —65 to +150°C 
VRcrin & VRRER «noses sree es GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Ni «2 cag udeneendneaserianeees GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

All TADUES ow cee en ecm es taxeewns GND —0.5 to Vpp +0.5 V PID, Ge. shed ewan vooseasnee boost Ke oes 1000mW 
A OWWOUIS. cask o0 don 62a ceed wo GND —0.5 to Vpp +0.5 V Derates above 75°C ..................... 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP87095 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87095 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Reef = 1024*R Veper= VREF(+) - VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dp (CLK 
high) and ds (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (0s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


ky 


MP87095 


when s disconnects the latches from the comparators. This de- 


lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 
phase. 


Ref 
Ladder 


VTAP : | 


Selected ds t+—— ah AS lea tS 
Range 


Figure 2. MP87095 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj sample and next Ajj, sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajy2 
Update Reference Stable Time — For Sample Ajny1 
References 
Clock Sample Ajn1 Ain Sample Ajy2 
Not Used 
Internal Dp Dg Ds Op Ds 


@D 
Ain Sample [—-r / comes B [—\ | a ee 
Window AinXO Sample Ajn1 AinX1 Sample Ajjy2 


Ladder Sample Sample Ladder 


for An 


Ladder Compare 
(LSB Bank) 


External 
DATA 


Compare Ladder 
V/S AinXO 


F Rv 20 fF fF fF f 


Sample Ladder 
for AinX1 


Compare Ladder 
V/S Aint 
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Sample Ladder 
for AjyX2 


Sample Ladder 
for Ajy2 


Compare Ladder 
V/S Ain2 


Compare Ladder 
V/S AjnX1 


DATA AjnO DATA AinXO DATA Aint DATA AinX1 


Not Used 


Figure 3. Ajj Sampling, Ladder Samplin & Conversion Timing 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW =0 form =] 
3FFl | 
SFE 
3F | | 
| | | 
| | | | 
¥ 
Vrer-) VO01 V002 V3rFeE V3er Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (Vofw) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 

Vin = VO01 = Vref’) + 0.5 * LSB 

Vin = V3er = Vrer(-) — 1.5 * LSB 

LSB = Vrer / 1024 = (V3er — VO01) / 1022 

Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don't fall 
exactly every Var-e/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vapp =4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 
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Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vinst) — Vin) 
LSB = [ VRer(.) — VREF(-) /1024 


DNL) = [ Viwst) — Vw) ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-Linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = V002 — Vo0O1 — LSB 


DNL (8FE) = V3¢er — V3¢¢ — LSB 
Ers (full scale error) = V3er¢ — [VREF(+) —1.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReEF(-) + 0.5 * LSB] 


DIGITAL 
CODES 


15* LSB 


Vrer-) Vo01  vo02 Wace V3ee VREF() 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 


shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


a. Continuous sampling 


After a tester has measured all the transition voltages, the 


computer draws a line parallel to the ideal transfer line. By defi- 
p p y CLOCK N BALANCE 


nition the Best Fit Line makes equal the positive and the nega- 

tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- DATA XXX ON 
tive to the Ideal Line would be +1.5 LSB’s relative to the Best Fit 

(ins b. Single sampling 


Figure 8. Relationship of Data to Clock 


Analog Input 


eel Best Fit Line The MP87095 has very flexible input range characteristics. 
y, The user may set Vaer(4) and VRer_) to two fixed voltages and 

then vary the input DC and AC levels to match the Vref range. 

Another method is to first design the analog input circuitry and 

¢ then adjust the reference voltages for the analog input range. 

One advantage is that this approach may eliminate the need for 

external gain and offset adjust circuitry which may be required 

by fixed input range A/Ds. 


Real TransferLine # 


~ 


The MP87095’s performance is optimized by using analog in- 


5 Ideal Transfer Line 
put circuitry that is capable of driving the Aj, input. Figure 9. 
9 shows the equivalent circuit for Ajy. 
, - 40 Q 87 pF 
DD —— 
7 S 160 Q 
7 t 60 pF 
EZS Analog Input (Volt) Vin 
, ‘ oB 
Figure 7. INL Error Calculation \ ——5 
AGND 300 Q2 1/2 [ VREF(+) 
L 4 pF J + VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 


Clock and Conversion Timing Reference Voltages 


The input/output relationship is a function of Vrer: 


Ain = Vin — VREF(-) 


A system will clock the MP87095 continuously or it will give Vrer = VReF(+) — VREF(-) 
clock pulses intermittently when a conversion is desired. The DATA = 1023 * (Ajn/VreF) 
timing of Figure 8a shows normal operation, while the timing of A system can increase total gain by reducing Vref. 
Figure 8b keeps the MP87095 in balance and ready to sample 
the analog input. Digital Interfaces 


™ 


MP87095 
AaB aise 


The logic encodes the outputs of the comparators into a bi- 


nary code and latches the data ina D-type flip-flop for output. 
The input OE controls the output buffers in an asynchronous 


mode. 
| oe | _orw_| peo -pe0 


1 Valid High Z 
0 Valid Valid 


Table 3. Output Enable Logic 


OE VIHA \ Vib 


‘ 
1 
tpen—> <= 


' 
—* topHz*— 


t 
‘ | 

DB9-DBO DATA! -—-—-, DATA 
i] f] 


OFW Overflow State 


Figure 10. Output Enable/Disable Timing Diagram 


DB9-DBO DATA 


Figure 11. Preferred Output Control 


y Rev20 fF ff ff ff ff | 


Figure 17. shows the preferred output control where OE and 
clock are opposite phase. This provides a quiet time at the end 
of the Ajy sample phase. 


The functional equivalent of the MP87095 (Figure 12.) is 
composed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(0s). 

2) An ideal analog switch which samples Vj. 

3) An ideal A/D which tracks and converts Vj with no 
delay. 

4) Aseries of two DFF’s with specified hold (ty; p) and 
delay (tp) times. 


tap, tu_p and tp, are specified in the Electrical Characteristics 
table. 


t 

=a 

tp.» ' <= 
1 ‘ 


Figure 12. MP87095 Functional Equivalent 
Circuit and Interface Timing 


Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 
down. 
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tcLKs1 ' i tcLKH1 ' 
—_—_——_>_—__<¢—_ > 
' ’ ' ‘ 
' i] 
Of 
PD 
» ted, >, tpu at 
— t 
Ipp, IVREF(+) 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 


+5 V 
O 
Z<100Q 
Cia, Con Cp, Cap 
a No l¥S |boF dDVop 


Resistive 
isolation 


of 50 to 
1002 


Reference 
Voltage 
Source 

(Figure 15 Example) — 


VREF1(-) 
AGND DGND 
¥ \ G G 


AAA! 


Vin (Substrate) OFW 
[> DB9- DBO 
MP87095 OE 


Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 
formance of the MP87095. 


1. Allsignals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


2. Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


3. The design of a PC board will affect the accuracy of 
MP87095. Use of wire wrap is not recommended. 


4. The analog input signal (Vj) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


5. The analog input should be driven by a low impedance (less 
than 50Q). 


6. Analog and digital ground planes should be substantial and 
common at one point only. The ground plane should act as a 


Vint Jf 7 7 ff f 


10. 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. \f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87095. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87095 should be connected to AVpp next to 
the MP87095. 


DV pp and AVpp are connected inside the MP87095 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1u.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
1002 resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ayn. 
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Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +5 V Analog Input 


+5 V +5 V 


+10V 2R 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 17. +10 V Analog Input 
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MP87095 


VREF(+) 


3/4 


DACs MP7226 
or MP7641 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajy and Ladder detail shown. 


Figure 18. A/D Ladder with Programmed Control 
(of VREF(+), VREF(-), 1/4 and 3/4 TAP.) 
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PERFORMANCE CHARACTERISTICS 


z Vref(+)=4.6V : 
Vref(-)=0V ee ae 
a ee oo 


Vdd=5V 
Vref(+)=4.6V 
Vref(-)=0V 


DNL(LSB) 


ee ee ee 


1 


1 Fs(MHz) 
Fs(MHz) 


Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 


Power Down Idd(mA) 


Fs(MHz) Falhtts) 


Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 


Vdd=5V 
13 Vref(+)=4.6V 


Vref(-)=0V 


_ 
_ 


Ref. Resistance(Kohm) 


25 
Temperature(C) 


Graph 5. Reference Resistance vs. 
Temperature 
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MP87098 


CMOS 
Very Low Power, 750 KSPS, 10-Bit 


Analog-to-Digital Converter with 4-Channel Mux 


FEATURES 


e 10-Bit Resolution 

e 4-Channel Mux 

e Sampling Rates from <1 kHz to 750 kHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


BENEFITS 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


¢ No S/H Required for Analog Signals less than 100 kHz ° -P/DSP Interface and Control Applications 


e No S/H Required for CCD Signals less than 750 kHz 


e Single Power Supply (4 to 6 Volts) 
e Latch-Up Free CMOS Technology 
e High ESD Protection: 4000 Volts Minimum 


GENERAL DESCRIPTION 


The MP87098 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with a 4-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP87098 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 750 kHz. The elimination of the S/H and small package 
size offer the designer alow cost solution. No sample and holdis 
required for charge couple device applications up to 750 kHz, or 
multiplexed input applications when the signal source 
bandwidth is limited to 100 kHz. The input architecture of the 
MP87098 allows direct interface to any analog input range 
between AGND and AVpp (0 to 2 V, 1 to4 V, Oto 5 V, etc.). The 
user simply sets Vaer(4) and VReri_) to encompass the desired 
input range. 


Scaled reference resistor tap 1/2 R allows for customizing 


ORDERING INFORMATION 


y Rev30 fF ff Ff ff ff 


Package Temperature DNL INL 
ee | (LSB) (LSB) 
eS SS ee 


ed ee 
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e Multiplexed Data Acquisition 
e Low Power A/D Applications 


the transfer curve as well as providing a 1/2 span reference 
voltage. Digital outputs are CMOS and TTL compatible. 


The MP87098 uses a subranging technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold their current values and Vrer_y is disconnected from 
VreF1(-). Fhe power consumption during the power down mode 
is approximately 3mW. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP87098 is available in 
Plastic dual-in-line (PDIP) and Surface Mount (SOIC), and 
Shrink Small Outline (SSOP) packages. 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Coarse 
Comparators 


AVpp DVpp 
O O 


OFW eS | 


npopey 089-080 <p > 


Fine 


verte Resolution 
ne om oFw RETO 
REF 1(-) parators 


PD O 
CLK 
al O 
IN2 9 
vee 2 to 4 Latch = 7 
Decoder aa = O AO 


AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB3 DB2 DB3 1 DB2 
DB4 DB1 DB4 2 DB1 
DB5 DBO DB5 3 DBO 
DB6 PD DB6 4 PD 
DB7 AVop DB7 5 AVop 
DGND AGND DGND 6 AGND 
DVpp Ain4 DVpp , Aina 
WR Aina WR 8 Ain3 
Al Ain2 Al . Ain2 
AO Aint AO _ Aint 
CLK 1/2R CLK 11 1/2 R 
DB8 VREF1(-) DB8 12 VREF1 &) 
DB9 VREF(-) DB9 13 VREF(-) 
OFW VREF(+) OFW 14 VREF(+) 
28 Pin PDIP ( 0.300”) 28 Pin SOIC (Jedec, 0.300”) — S28 


NN28 | 28 Pin SSOP — A28 
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PIN OUT DEFINITIONS 


Data Output Bit 3 Upper Reference Voltage 
Data Output Bit 4 = Lower Reference Voltage 
Data Output Bit 5 = Lower Reference Voltage 
Data Output Bit 6 Reference Ladder Tap 
Data Output Bit 7 Analog Signal Input 1 
Digital Ground Analog Signal Input 2 
Digital Vpp Analog Signal Input 3 
Write (Active Low) Analog Signal Input 4 
Address 1 Input Analog Ground 

Address 0 Input Analog Vpp 

Clock Input Power Down 

Data Output Bit 8 Data Output Bit 0 (LSB) 
Data Output Bit 9 (MSB) Data Output Bit 1 
Overflow Output Data Output Bit 2 


ON DOA WO PM = 


© 


10 
11 
12 
13 


— 
t 


Aint 
Ain2 
Ain3 


AIn4 
Previous selection 


Note: WR, A1, AO are internally connected to GND through 
500KQ resistance. 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 750 kHz (50% Duty Cycle), 


VREF(+) = 4-6, VReF-) = AGND, Ta = 25°C 
25°C 
Parameter Symbol Min Typ Max Test Conditions/Comments 
For Rated Performance 


KEY FEATURES 
10 Bits 
Fs 1 750 kHz 


Resolution 
Sampling Rate 


ACCURACY? 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 
(Max INL — Min INL)/2 
Reference from Vreri4) to VREF(-) 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 


Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage AV REF 
Ladder Resistance Ry 


Ladder Temp. Coefficient Rtco 
Ladder Switch Resistance 


Ladder Switch Off Leakage 


en occa 


ILKG-SW 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ 
Input Capacitance? 

Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
PD, (Internal Res to GND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 


Vin=DGND to DVpp 


Clock Period 

Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 


Cout=1 5 pF 


DIGITAL OUTPUTS 


ILoaD = 2 mA 
ILOAD =4mA 
Vout = DGND to DVpp 


Logical “1” Voltage 

Logical “O” Voltage 

Tristate Leakage 

Data Hold Time (See Figure 1.)' 
Data Valid Delay! 


TOM 
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Test Conditions/Comments 


Coyt=1 5 pF 
ns 
ns 
ns 
ns 
ns 
ns 
Roles 


mA 

V 

mA Vin=2V 
Guaranteed. Not tested. 


e Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 
code width and the ideal value (VpgF/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vin input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87098 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. They should go to the same potential and be separately decoupled. 


25°C 
Parameter Symbol Min Typ Max 


DIGITAL OUTPUTS (CONT’D) 


Write Pulse Width" 

Multiplexer Address Setup Time! 

Multiplexer Address Hold Time! 

Delay from WR to Multiplexer! 
Enable 

Power Down Time! 

Power Up Time! 


twr 
tas 
tAH 


tMUXEN1 
tpp 
tpu 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOON & W 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2: 3 


Vor (0 AGND, DEND) c..005 co sexcssnnawas eens cans +7V Storage Temperature ................... —65 to +150°C 
Veer) & VAERA ct osecnsnaees GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Vill stevxeaketigarvecasnawanee GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

All WADUNS an os cane errcesev anaes GND —0.5 to Vpp +0.5 V SOM, POIP, SSOP sos civnseedecvowvannana 1000mW 
ANCIUIOUS ci.auitioeneseaee ees GND —0.5 to Vpp +0.5 V Derates above 75°C wnccsawcuvwennaneonss 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP87098 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87098 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrep =1024*R Veper= VREF(+) — VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dg (CLK 
high) and ds (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (0s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


kk 


when gs disconnects the latches from the comparators. This de- 


Mee 7 
HE si 


lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next dg 
phase. 


Ref 
Ladder 


Selected Pi ee ee weisnicid 


Range 


Figure 2. MP87098 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj) sample and next Ajj sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajjy2 
Update Reference Stable Time — For Sample Ajj1 
References 
Clock Sample A\n1 AinX1 Sample Ajn2 
Not Used 
Internal p Ds Dg Dp Ds 


co) 
Ain Sample [—-\ / \ B [—\ / \ [—— 
Window AinXO Sample Ajn1 AinX1 Sample Ajn2 


Ladder Sample Sample Ladder 


for Ajj 


Ladder Compare 
(LSB Bank) 


External 
DATA 


Compare Ladder 
V/S AjyX0O 


Figure 3. Ajj Sampling, Ladder Sampling & Conversion Timing 


Vin ff J 7 f ff f 


Sample Ladder 
for AjnX1 


Compare Ladder 
V/S Ain1 


Sample Ladder 
for AinX2 


Sample Ladder 
for Ajn2 


Compare Ladder 
V/S Ain2 


Compare Ladder 
V/S AinX1 


DATA AjnO DATA AjnX0O DATA A\n1 DATA A\nX1 


Not Used 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 


Figure 4. 
DIGITAL 
CODES 
0.5 *LSB 0.5 * LSB 
OFWI =1 
3FFl | 
| | 
| | 
| | 
V 
VREF(-) V001 Vo002 V3re V3er Vorw VREF(+4) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (Vofw) takes place at: 

Vin = Vorw = Vrer(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VO01 = Vpery-_) + 0.5 * LSB 

Vin = V3er = Vrers) — 1-5 * LSB 

LSB = Vrer / 1024 = (V3e¢ — VO01) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 


In a “real” converter the code-to-code transitions don’t fall 
exactly every Vag-e/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vere = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


y Rv 30 fF fF Ff Ff f/f 


Output N 
Codes 


(N+1) Code Width = Vin41) — Vi) 
LSB =[ Vaer(+) — VREF(-) {7 1024 


DNL) = [ Viet) — Vin) ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-Linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = VO02 - V001 — LSB 


DNL (3FE) = V3er — V3r¢ — LSB 
Egg (full scale error) = Ver — [VReF(4) -—1.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReF(_) + 0.5 * LSB] 


DIGITAL 
CODES 
0.5 * LSB 


1.5 * LSB 


VREF(-) V001 


V002 V3rFE V3er VREF(+) 
Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 


shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- 
tive to the Ideal Line would be +1.5 LSB’s relative to the Best Fit 
Line. 


Best Fit Line 


Ideal Transfer Line 


Analog Input (Volt) 


EZS 


Figure 7. INL Error Calculation 
(Exaggerated for Visualization) 


Clock and Conversion Timing 


AVpp 
R Series 


40 
ik pF 


Control 


AGND 


Channel 
Selection 


clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP87098 in balance and ready to sample 
the analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 
CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP87098 has very flexible input range characteristics. 
The user may set Vaer(4) and Vrer(_) to two fixed voltages and 
then vary the input DC and AC levels to match the Vref range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP87098’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. Figure 9. 
shows the equivalent circuit for Ajy. 


40 Q 87 pF 


Tt ae 


os 


Os 


87 pF 


160 Q 


oB 
hes a 1/2 [ VREF(+) 


+ VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer Digital Interfaces 


The MP87098 includes a 4-channel analog input multiplexer. 
The relationship between the clock, the multiplexer address, the 


WR and the output data is shown in Figure 10. and Figure 11. The logic encodes the outputs of the comparators into a 


binary code and latches the data in a D-type flip-flop for output. 


Saal ; Sample M 4 | Sample The functional equivalent of the MP87098 (Figure 12.) is 


composed of: 


1 
' 
Old Address New Address M+1 ; 
' ‘ ry 

‘ 

' 


‘ 
tc_ks2' twr | tcikHe ! 


WR — i a a ee 1) Delay stage (tap) from the clock to the sampling phase 
os (Qs). 


tas |! taH | 
7 on eS 2) Anideal analog switch which samples Vjy. 
i] i] ‘ . 2 
Ridrees 7) 3) An ideal A/D which tracks and converts VIN with no 


delay. 


' ' ‘ ; , re 

DBO-DB9 nen 57 Valid valid Vand 4) Aseries of two DFF’s with specified hold (ty p) and 3 

Old Address Old Address New Address . 

delay (tp) times. 
teLKs2 = teLkH2 = 9 


Figure 10. MUX Address Timing tap, tH_p and tp, are specified in the Electrical Characteristics 
table. 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing 


Reference Voltages 


The input/output relationship is a function of VreF: 


Ain = Vin — VREF(-) Figure 12. MP87098 Functional Equivalent 


Vrer = Vrer(+) — VREF(-) Circuit and Interface Timing 
DATA = 1023 * (Ain/VreF) 


A system can increase total gain by reducing Vref. 


MP87098 
AL NT 


Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 
down. 


' ' ' 
N M 
‘ 
ee i ee es ee 
VIN i] 


N-1 Valid 
' 


DBO-DB9 


' 

tcLKs1 > ‘< >. CLKH1 ‘¢ 
' 
' 


ey eee |S 


t 


Ipp, IVREF(+) 


Figure 13. Power Down Timing Diagram 
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MP87098 


+5 V 
0 
Cia, Con Cip, Cap 
Noo |¥d ISS DVop 


OFW 


MP87098 


Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP87098. 


1 


6. 


Viv J 7 f 7 7 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND -0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input 
protection diodes which will protect the device from short 
transients outside the supply ranges. 


The design of a PC board will affect the accuracy of 
MP87098. Use of wire wrap is not recommended. 


The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Anal nd digital grot lanes shoul ial an 
common atone point only. The ground plane should act as a 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital circuit- 
ry. \f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87098. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87098 should be connected to AVpp next to 
the MP87098. 


DVpp and AVpp are connected inside the MP87098 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be de- 
coupled with a ceramic (0.11.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 


$ TOM’ 


MP87098 


+5 V 


0.1uF 


Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 
i ti 
| 1of4 sy 
| VREF(+) AVpp 
! 
! Aint DBO 
| Aina 
| eno eed on ee 


Vrer-) AGND 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * C)y, of ADC) time constant. Therefore, for different 


applications the R value needs to be selected as a tradeoff between Ay settling time and power dissipation. 
Figure 16. +5 V Analog Input 


+5 V +5 V 


1 of 4 +10v 2rR 


AVpp 


VREF(+) 


DBO 


Aint 


Aina 


AGND 


VREF(-) 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cj, of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajy settling time and power dissipation. 


Figure 17. +10 V Analog Input 
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MP87098 
DAC8 Aint 


Ain2 


Ain3 


£\ /\ [\ /\ 
+ + 


Ain4 


DAC MP7641 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajj and Ladder detail shown. 


Figure 18. A/D Ladder and Ajj with Programmed Control 
(of VREF(+), VREF(-), 1/2 TAP.) 
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PERFORMANCE CHARACTERISTICS 


Vdd=5V 
Vref(+)=4.6V 
Vref(-)=0V 


a Vref(+)=4,.6V j 
Vref(-}-0V | | 
| {| 
= aa 


Fs(MHz) 


Graph 2. INL vs. Sampling Frequency 


0.8 


g i 
= 0.6 
eae vad=sv | a 
Ff | fd 
0.6 
Fs(MHz) 0 0.2 0.4 Fe(MH2) 0.6 0.8 1 
Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 


Vdd=5V 
1.3 Vref(+)=4.6V 


Vref(-)=0V 
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Temperature(C) 


Graph 5. Reference Resistance vs. 
Temperature 
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FEATURES 


e 10-Bit Resolution 

e 8-Channel Mux 

e Sampling Rates from <1 kHz to 750 kHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


e No S/H Required for Analog Signals less than 100 kHz 
e No S/H Required for CCD Signals less than 750 kHz 


e Single Power Supply (4 to 6 Volts) 
e Latch-Up Free CMOS Technology 
e High ESD Protection: 4000 Volts Minimum 


Analog-to-Digital 


MP87099 


CMOS 
Very Low Power, 750 KSPS, 10-Bit 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 
e Multiplexed Data Acquisition 
e Low Power A/D Applications 


GENERAL DESCRIPTION 


The MP87099 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 8-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP87099 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 750 kHz. The elimination of the S/H and small package 
size offer the designer alowcost solution. No sample and holdis 
required for charge couple device applications up to 750 kHz, or 
multiplexed input applications when the signal source 
bandwidth is limited to 100 kHz. The input architecture of the 


MP87099 allows direct interface to any analog input range 


ORDERING INFORMATION 


between GND and AVpp (0 to 2 V, 1 to 4 V, Oto 5 V, etc.). The 
user simply sets Vper(,) and VRer_) to encompass the desired 
input range. 


Scaled reference resistor tap @ 1/4R, 1/2 R, and 3/4 R allows 
for customizing the transfer curve as well as providing a 1/2 span 
reference voltage. Digital outputs are CMOS and TTL 
compatible. 


The MP87099 uses a subranging technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


parp | ~40to+85°C_| MPs7099Ae 


y Rv30 fF fF 4 fF Ff 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 
AVpop AVpp DVpp 


Coarse 
Comparators 
OFW 
VREF(+) 
R30 7 DB9-DBO 
R20 Resolution 
Ri Com- : OE 
O 
= parators 
VREF(-) © 
PDo 
VREF1(-) 
F CLK 
IN1 
WR 
; A2 
' 3 to 8 A 
Decoder iP cccaumconiell 
Ains AO 


AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


See the following 
page for pin numbers 
and descriptions 


44-Pin PQFP (10mm x 10mm) 
QN44 
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Data Output Bit 6 
Data Output Bit 7 
Digital Ground 
Digital Ground 


Digital Vpp 


Clear (Active Low) 

Write (Active Low) 
Address 2 

Address 1 

Address 0 

Clock Input 

Output Enable (Active Low) 
No Connect 

Data Output Bit 8 

Data Output Bit 9 (MSB) 
Overflow Output 

Upper Reference Voltage 
Lower Reference Voltage 
Lower Reference Voltage 
Reference Ladder Tap 
Reference Ladder Tap 


Analog Signal Input 8 


MP87099 


PINNO.| NAME _ DESCRIPTION 


TRUTH TABLE FOR INPUT CHANNEL SELECTION 


Reece exe 


= & ot &B kt ek ek EE OF 
_.- Pr rr Tr rr OrlUCO 
~~ 2 2 2S as FFT rT «KK 
Ss FE rtret FF xX Fé 


Selected 
Analog Input 


Aint 


Aint 
Ain2 


AIn3 


Ain4 


AINns 


AIné 


AINn7 


Ains 


Previous 
Selection 


Note: CLR, WR, A2, A1, AO are internally connected to 
ground through 500k Q resistance. 


Reference Ladder Tap 
No Connect 

Analog Signal Input 1 
Analog Signal Input 2 
Analog Signal Input 3 
Analog Signal Input 4 
Analog Signal Input 5 
Analog Ground 
Analog Vpp 

Analog Vpp 

Analog Signal Input 6 
Analog Ground 
Power Down 

Analog Signal Input 7 
Data Output Bit 0 (LSB) 
Data Output Bit 1 
Data Output Bit 2 
Data Output Bit 3 
Data Output Bit 4 
Data Output Bit 5 

No Connect 


No Connect 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 750 kHz (50% Duty Cycle), 


VREF(+) = 4.6, VREF(-) = AGND, Ta = 25°C 
Symbol Min Typ Max ‘tia | Test Conditions/Comments 
For Rated Performance 


KEY FEATURES 
10 Bits 
Fs 1 750 


Resolution 
Sampling Rate 


ACCURACY (A Grade)2 


LSB 

Best Fit Line 

(Max INL — Min INL)/2 

Reference from VreF(+) to VReF(-) 


Differential Non-Linearity 
Integral Non-Linearity 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage 
Ladder Resistance 

Ladder Temp. Coefficient 
Ladder Switch Resistance 
Ladder Switch Off Leakage 


VREF(+) 
VREF(-) 
VREF 

Ry 
Rtco 


aa 1.5 < 


liLKG-SW 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range” 
Input Capacitance? 

Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
PD, OE (Internal Res to GND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 


Vin=DGND to DVpp 


Clock Period 

Rise & Fall Time4 10 
“High” Time® 250 500,000 
“Low” Time® 150 500,000 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage lLoap =2mMA 
Logical “0” Voltage lLoap = 4 mA 
Tristate Leakage Vout = DGND to DVpp 
Data Hold Time (See Figure 1.)' 

Data Valid Delay’ 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C 
Symbol Min Typ Max ine Test Conditions/Comments 


DIGITAL OUTPUTS (CONT’D) 


Cout=15 pF 
ns 
ns 
ns 
ns 
ns 
ns 
pedal 


mA 

V 

mA VIN =2V 
Guaranteed. Not tested. 


é Tester measures code transition voltages by dithering the voltage of the analog input (Vix). The difference between the measured 
code width and the ideal value (Vper/1024) is the DNL error (see Figure 4.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vin input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87099 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. They should go to the same voltage and be separately decoupled. 


Write Pulse Width’ 

Multiplexer Address Setup Time! 

Multiplexer Address Hold Time’ 

Delay from WR to Multiplexer! 
Enable 

Power Down Time! 

Power Up Time! 


twr 
tas 
taH 


tMUXEN1 
tpp 
tpu 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOOR W 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


MOG ND) on cectagberawalseneeeganasenenadas +7V Storage Temperature ................... —65 to +150°C 
VrReF(+)) VREF(-), VREF1(-) - +--+ => GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
All Allie sscccacntcecnannesacanas GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

AL WWOUG 4 ois s aac cane nr ennaccas GND —0.5 to Vpp +0.5 V POPP oiucconetacevesdee es eeannawemnsn wns 450mW 
All Outoule ..6.6cn 0c de wnee we: GND —0.5 to Vpp +0.5 V Derates above 75°C ............. 0000 eae 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP87099 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87099 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 


The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rraef = 1024*R Vper= VREF(+) = VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dg (CLK 
high) and ds (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (0s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


External 


Update 
References 


Clock 
Internal 


Ain Sample 
Window 


Sample Ajn1 
Ps 


Ladder Sample Sample Ladder 


for Ajn1 


Ladder Compare 
(LSB Bank) 


External 
DATA 


Compare Ladder 
V/S AjnXO 


Figure 3. Ajn 


F300 f J ff f 


when @s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 

The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 
phase. 


Ref 
Ladder 


Selected 
Range 


os 


Figure 2. MP87099 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj; sample and next Ajy; sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


kK 


Not Used Ds 


Pp 
AinXO Sample Ajn1 AinX1 Sample Ajn2 


Sample Ladder 
for AjnX1 


Compare Ladder 
V/S Aint 


Sampling, Ladder Sampling & Conversion Timing 
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Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Reference Stable Time — For Sample Ajy1 


AinX1 Sample Ajn2 


Pp Ps 


Sample Ladder 
for Ajn2 


Sample Ladder 
for AjynX2 


Compare Ladder 
V/S Ajn2 


Compare Ladder 
V/S AjnX1 


DATA AjnO DATA AinXO DATA A\n1 DATA AjnX1 


Not Used 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW =0 [orm = 
3FFl | 


SFE 


Vvo02 V3Fe  V3eF Vorw VREF(+) 


Vrer(-) VO01 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFry) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO1 = Veer’) + 0.5 * LSB 

Vin = V3er = Vrer) — 1.5 * LSB 

LSB = Vrer / 1024 = (V3er — VOO1) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don't fall 
exactly every Vpagr/1024 volts. 


A positive DNL (Differential-Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vag¢¢ = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 
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MP87099 


Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vint) — Vn) 
LSB =[ Veer) — VREF) I) 1024 


DNL) = [ Vines) — Vin) ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-Linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, E¢s) are: 


DNL (001) = V002 — Vo01 — LSB 


DNL (3FE) = V3er — Var¢ — LSB 
Erg (full scale error) = V3er — [VRer(4) —1-5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReF(_) + 0.5 * LSB] 


DIGITAL 
CODES 
0.5 * LSB 


1.5 * LSB 


Vrer(-) VOO1 Vo02 V3FE V3FF VREF(+) 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- 
tive to the Ideal Line would be +1.5 LSB’s relative to the Best Fit 
Line. 


Best Fit Line 


Ideal Transfer Line 


Analog Input (Volt) 


EZS 


Figure 7. INL Error Calculation 
(Exaggerated for Visualization) 


Clock and Conversion Timing 


AVpp 
R Series 


40Q 
ha pF 


Control 


Ain 


Channel 
Selection 


A system will clock the MP87099 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP87099 in balance and ready to sample 
the analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP87099 has very flexible input range characteristics. 
The user may set Vrer(4) and Vr_er(-) to two fixed voltages and 
then vary the input DC and AC levels to match the Vp_er range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP87099’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajj input. Figure 9. 
shows the equivalent circuit for Ajj. 


40 Q 87 pF 


1/2 [ VREF(+) 
4 pF as + VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer Reference Voltages 


The input/output relationship is a function of Veer: 
The MP870939 includes a 8-Channel analog input multiplexer. 


The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 10. and Figure 11. 


Ain = Vin — VREF(-) 
VrerF = VREF(+) — VREF(-) 
DATA = 1023 * (Ajn/Verer) 


A system can increase total gain by reducing Vprr. 


Digital Interfaces 


Clock i ’ 2 ' ! 
Sample N , + SampleM , ; Sample , 
Old Address , New Address, M+1 ‘ ; ; ; 
, ‘ ‘ ' The logic encodes the outputs of the comparators into a bi- 
toiksd — twr | tcLkH2 ! : nary code and latches the data in a D-type flip-flop for output. 


R< > 
WR XY 7 The functional equivalent of the MP87099 (Figure 12.) is 


composed of: 
1) Delay stage (tap) from the clock to the sampling phase 


(Qs). 
2) An ideal analog switch which samples Vj. 
3) An ideal A/D which tracks and converts VIN with no 
delay. 
4) Aseries of two DFF’s with specified hold (typ) and 
delay (tp,) times. 
Figure 10. MUX Address Timing tap, tu_p and tp, are specified in the Electrical Characteristics 
table. 


A2, A1, AO 


WR 


MUXEN 
(Internal Signal) 


DB9-DBO 


Figure 11. Analog MUX Timing 
Figure 12. MP87099 Functional Equivalent 


Circuit and Interface Timing 
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Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 


down. ‘ ‘ ' 1 1 1 
i] 1 ' i] i] 1 

1 1 

CLK ' h ' ( 

SAMPLE ! ' SAMPLE ' SAMPLE ! 


B0-DB9 
tcLKS1 y '¢ tCLKH1 - 
' , ry ' 
' 
>, tpp l¢ > tpu ic 


lpp, IVREF(+) 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 
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Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP87099. 


1 


6. 


y Rv 30 fF Ff fF Ff f / 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684<A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of 
MP87099. Use of wire wrap is not recommended. 


The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Analog and digital ground planes should be substantial and 
common at one point only. The ground plane should act as a 


10. 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. If separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87099. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87099 should be connected to AVpp next to 
the MP87099. 


DVpp and AVpp are connected inside the MP87099 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1u.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 
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Figure 15. Example of a Reference Voltage Source 


+5 V +5 V 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * C)yy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +5 V Analog Input 


+5 V +5 V 


1o0f8 +10v oer 


DO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjyy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajy settling time and power dissipation. 


Figure 17. +10 V Analog Input 
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@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajj and Ladder detail shown. 


Figure 18. A/D Ladder and Ajy with Programmed Control 
(of VREF(+), VREF(-), 1/4, 1/2 and 3/4 TAP.) 
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Vdd=5V 
Vref(+)=4.6V 
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DNL(LSB) 


01 1 Fs(MHz) 


Graph 2. INL vs. Sampling Frequency 


Power Down Idd(mA) 


0 0.2 0.4 Fe(MHz) 0. 
Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 


Vdd=5V 
1.3 Vref(+)=4.6V 


Vref(-)=0V 


_ 
paar 


Ref. Resistance(Kohm) 


Temperature(C) 


Graph 5. Reference Resistance vs. 
Temperature 
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FEATURES 


e 10-Bit Resolution 

e 4-Channel Mux 

e Sampling Rates from <1.5 kHz to 1.0 MHz 

e Very Low Power CMOS - 30 mW (typ) 

e Power Down; Lower Consumption — 3 mW (typ) 
e Input Range between GND and Vpp 


e No S/H Required for Analog Signals less than 100 kHz 


e No S/H Required for CCD Signals less than 1 MHz 
e Single Power Supply (4 to 6.5 Volts) 

e Latch-Up Free CMOS Technology 

e High ESD Protection: 4000 Volts Minimum 


GENERAL DESCRIPTION 


The MP87198 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 4-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP87198 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 1 MHz. The elimination of the S/H and small package size 
offer the designer a low cost solution. No sample and hold is 
required for charge couple device applications, up to 1 MHz, or 
multiplexed input applications when the signal source 
bandwidth is limited to 100 KHz. The input architecture of the 
MP87198 allows direct interface to any analog input range 
between GND and AVpp (0 to 2 V, 1 to 4 V, Oto 5 V, etc.). The 
user simply sets Vrer(4) and VRef_) to encompass the desired 
input range. 


Scaled reference resistor tap 1/2 R allows for customizing 


ORDERING INFORMATION 


Package Temperature DNL INL 
PP ik: (LSB) (LSB) 
| so _|_—iotenen € | yperianas | _f1 _} 
ae 


ssop__| -40to+85°C_| mP87198AQ a 


MP87198 


CMOS 
Very Low Power, 1 MSPS 10-Bit 


Analog-to-Digital Converter with 4-Channel Mux 


BENEFITS 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners & Copiers 
e Wireless Digital Communications 

e Multiplexed Data Acquisition 


the transfer curve as well as providing a 1/2 span reference 
voltage. Digital outputs are CMOS and TTL compatible. 


The MP87198 uses a subranging technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vr_er(_) is disconnected from 
VreF1(-). [he power consumption during the power down mode 
is approximately 3mW. 


Specified for operation over the commerical / industrial (-40 
to +855C) temperature range, the MP87198 is available in 
Plastic dual-in-line (PDIP), Surface Mount (SOIC), and Shrunk 
Small Outline (SSOP) packages. 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 


O O 


Coarse 
Comparators ds 9B 


CLK N 


VREF(+) | | 
nee Fine co pee-peo = DRFYP 
Resolution 
Vaere) ¢ Com 0 OE oFW pCR XT 


VREF1(-) © parators 
PD o | | 
O CLK 
Aini O 
Ain2 O OWR 


O 0 
AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB3 DB2 1 DB2 
DB4 DB1 2 DB1 
DB5 DBO 3 DBO 
DB6 PD 4 PD 
DB7 AVop 5 AVop 
DGND AGND 6 AGND 
DVpp Ain4 : Ain4 
WR AIn3 8 AIn3 
Al Ain2 9 A\n2 
AO Ant Aint 
CLK 1/2R 1/2R 
OE VREF1(-) VREF1(-) 
DB8 VREF(-) VREF(-) 
DB9 VREF(+) VREF(+) 
28 Pin PDIP ( 0.300”) 28 Pin SOIC (Jedec, 0.300”) — S28 
NN28 28 Pin SSOP — A28 
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PIN OUT DEFINITIONS 


penne] wane | __pesonrny DESCRIPTION 


Data Output Bit 3 Upper (ieee | Voltage 
Data Output Bit 4 = Lower Reference Voltage 
Data Output Bit 5 i Lower Reference Voltage 
Data Output Bit 6 Reference Ladder Tap 
Data Output Bit 7 Analog Signal Input 1 
Digital Ground Analog Signal Input 2 
Digital Vpp Analog Signal Input 3 
Write (Active Low) Analog Signal Input 4 
Address 1 Input Analog Ground 

Address 0 Input Analog Vpp 

Clock Input Power Down 

Output Enable Data Output Bit 0 (LSB) 
Data Output Bit 8 Data Output Bit 1 

Data Output Bit 9 (MSB) Data Output Bit 2 


- D©OON OA FWD = 


ak =< os 
Oo woe —~ 


— 
BAS 


TRUTH TABLE FOR INPUT CHANNEL SELECTION 


SELECTED ANALOG INPUT 


Aint 
Ain2 


AIn3 


Ain4 
Previous selection 


Note: WR, A1, AO are internally connected to GND through 
500kQ resistance. 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 5 V, Fs = 1.0 MHz (50% Duty Cycle), 
VREF(+) = 4.6, VREF(-) = AGND, Ta me 25°C 


Symbol 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY? 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error Reference from Vrer(4) to VREF(-) 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage® AVreEF 
Ladder Resistance Rye 
Ladder Temp. Coefficient! Rtco 
Ladder Switch Resistance! 

Ladder Switch Off Leakage ILKG-SW 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ VREF(+) 
Input Capacitance? 
Aperture Delay 45 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents Vin=DGND to DVpp 
CLK 
OE, PD, (Internal Res to GND) 

Input Capacitance 

Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 10 
“High” Time® 500,000 
“Low” Time® 500,000 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage lLoapD =2mMA 

Logical “0” Voltage : lLloap = 4 MA 

Tristate Leakage Vout = DGND to DVpp 
Data Hold Time (See Figure 1.)' 

Data Valid Delay’ 

Write Pulse Width! 


F Rev30 fF Ff Ff Ff ff TCYM 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


25°C 
Symbol Min Typ Max ™ Test Conditions/Comments 


DIGITAL OUTPUTS (CONT’D) DF 


Multiplexer Address Setup Time! 

Multiplexer Address Hold Time! 

Delay from WR to Multiplexer! 
Enable 

Power Down Time! 

Power Up Time! 


tas 
taH 


tMUXEN1 
tpp 
tpu 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOTES: 
1 Guaranteed. Not tested. 
2 Tester measures code transition voltages by dithering the voltage of the analog input (Vix). The difference between the measured 
code width and the ideal value (VpgF/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vix input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87198 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 


output. 
8 DVpp and AVpp are connected through the silicon substrate. They should go to the same voltage and be separately decoupled. 


NOOO BW 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


Vop (O AGND, DGND) «61 ssccccctasicnveseneeeaas +7V Storage Temperature ................... —65 to +150°C 
Vaer) & VREF ER) owe eee ee DGND —-0.5 to DVpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Will ccannesorncavayssscandve DGND —0.5 to DVpp +0.5 V Package Power Dissipation Rating to 75°C 

PD VRS s vn ccavteanancexes DGND —0.5 to DVpp +0.5 V SOIC, POIF, SSOP ccs ssisceiavavvevavneen 1000mW 
A OWS 64s ceudwsnasanen DGND —0.5 to DVpp +0.5 V Derates above 75°C. ccovcascaavatsawenss 14mW/°C 
NOTES: 

1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100.s. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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AUTO 1 SAMPLE 


1 
i] 
SAMPLE ' AUTO , SAMPLE 1 
N-1 BALANCE, N 1 BALANCE 1 N+1 
, ! ! : 
: i= ’ Ts —- 
ANALOG : ' ' ' 
INPUT : : ' 
1 t 
r] ' 
1 t 
DATA 


ie —<— 
1 tor 


‘ 
—_> = tuo 


Figure 1. MP87198 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87198 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rraer = 1024* R Veer = VREF(+) = VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, op (CLK 
high) and dg (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (Qs). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


ke 


when 0s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
select a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next dg 
phase. 


Ref 
Ladder os 


Selected os 
Range 


Figure 2. MP87198 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajy time point. The ladder is 
referenced for both last Aj sample and next Aj sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajy can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Update Reference Stable Time — For Sample Ajyj1 
References 
Clock Sample Ain1 AinX1 Sample An2 
Internal Dp Ds Not Used Ds Dp Ds 


Ain Sample ry th Pp [—\ r= \ a 
Window AinXO Sample Ajn1 AinX1 Sample Ajn2 


Ladder Sample Sample Ladder 


for Ajn1 


Ladder Compare 
(LSB Bank) 


External 
DATA 


Compare Ladder 
V/S AjnX0O 


Figure 3. Ajj Sampling, Ladder plait & Conversion Timing 
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Sample Ladder 
for AjnX1 


Compare Ladder 
V/S Aint 


Sample Ladder 
for AjyX2 


Sample Ladder 
for Ajn2 


Compare Ladder 
V/S Ain2 


Compare Ladder 
V/S AjnX1 


DATA AjnO DATA AjyX0 DATA Ain DATA A\nX1 


Not Used 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 


Figure 4. Analog 
Input 
DIGITAL 
CODES Output 
0.5 * LSB 1.5 *LSB Codes N 
—la—sl N-1 


(N+1) Code Width = Vin+1) — Vin) 
LSB =[ Vrer(+) — VREF(-) /1024 


DNL (wy = [ Vin+1) — Vin) ] - LSB 


Figure 5. DNL Measurement 
On Production Tester 


Vrer(-) VO01 


vo02 V3ee V3er 


VREF(+) 
Figure 4. Ideal A/D Transfer Function 


The formulas for Differential Non-Linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, E¢s) are: 


The overflow transition (VoFw) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO1 = Vrer-) + 0.5 * LSB 

Vin = V3er = VRer+) — 1-5 * LSB 

LSB = Vrer / 1024 = (V3er — VO01) / 1022 


DNL (001) = VO02 —- Vo01 — LSB 


DNL (8FE) = Varr¢ — V3r¢ — LSB 
Ers (full scale error) = V3er — [VReF(+) -1.5 * LSB] 
Ezs (zero scale error) = Voo1 — [VReFi-) + 0.5 * LSB] 


DIGITAL 
Note that the overflowtransition is aflagandhasnoimpacton § CODES 
the data bits. B.S * ESP 1.5 * LSB 
In a “real” converter the code-to-code transitions don’t fall — 
exactly every Vagr/1024 volts. : = 8 ore | 
A positive DNL (Differential Non-Linearity) error means that | | | 002 
the real width of a particular code is larger than 1 LSB. This error | 7 | 001 | l 
is measured in fractions of LSB’s. 000 | 1 | | 
A Max DNL specification guarantees that ALL code widths ¥ 
Vrer-) V001 vO002 V3FE VaFr VREF(+) 


(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vac¢e = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 
shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- 
tive to the Ideal Line would be +1.5 LSB’s relative to the Best Fit 
Line. 


Best Fit Line 


Ideal Transfer Line 


Analog Input (Volt) 


EZS 


Figure 7. INL Error Calculation 
(Exaggerated for Visualization) 


Clock and Conversion Timing 


AVpp 
R Series 


40Q 
i pF 


Control 


Ain 


AGND 


Channel 
Selection 


P db EEE SE 

A system will clock the MP87198 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP87198 in balance and ready to sample 
the analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


Analog Input 


The MP87198 has very flexible input range characteristics. 
The user may set Vrer(4) and Vrer(_) to two fixed voltages and 
then vary the input DC and AC levels to match the Vp¢r range. 
Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP87198's performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. Figure 9. 
shows the equivalent circuit for Ajy. 


40 Q 


87 pF 
a 60 pF 
oS 0B 


ee 5. 
t 4 pF b 


Os 87 pF 


160 Q 


1/2 [ VREF(+) 
+ VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer Digital Interfaces 


The MP87198 includes a 4-channel analog input multiplexer. 
The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 10. and Figure 11. 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data ina D-type flip-flop for output. 
The input OE controls the output buffers in an asynchronous 


mode. 
t ‘ i] ] i] 
Sample N Sample M Sample DBS —- DBO 
Old Address , New Address, M+1 
i] i] 1 


tctks2! twr yr 


Table 4. Output Enable Logic 


| r) 
t ‘ 
: N-1 Valid N valid M Valid 
DBO-DB9 n-2 valid Old Address Old Address New Address 


tcLKs2 = tcLKH2 = 9 


Figure 10. MUX Address Timing 


A1, AO 


Figure 12. Output Enable/Disable Timing Diagram 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing aia So \  * \ 


Reference Voltages 


The input/output relationship is a function of VreF: DB9-DBO DATA DATA 


Ain = Vin — VREF(-) 
Veer = VRer(+) — VREF(-) 


DATA = 1023 * (Aj Veer) Figure 13. Preferred Output Control 


A system can increase total gain by reducing Vpe_r. 
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The functional equivalent of the MP87198 (Figure 74.) is 3) An ideal A/D which tracks and converts Vij with no 


composed of: delay. 
4) Aseries of two DFF’s with specified hold (ty p) and 
1) Delay stage (tap) from the clock to the sampling phase delay (tp,) times. 
(Os). tap, ty_p and tp, are specified in the Electrical Characteristics 
2) An ideal analog switch which samples Vjy. table. 


4 


i] 
i] 
i] i] 
' gal 1 
( J 1 
i] i] 
i] ‘ 
i] 


Figure 14. MP87198 Functional Equivalent 
Circuit and Interface Timing 


Power Down 


Figure 15. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 
down. ' i] ‘ i] 1 ' 


DBO-DB9 


N-2 Valid 


N-1 Valid 
' 


t t 


i] 

CLKS1 > ! ' < ) CLKH1 4 ¢ 
f) 
' 


lop» VREF(+) ee a ee an 
‘ ' ‘ 


Figure 15. Power Down Timing Diagram 
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APPLICATION NOTES 


Reference 
Voltage 
Source 


+ 
Ci} C 


VREF1(-) 
AGND DGN 
¥, YY G GND 


MP87198 


+5 V 
®@ 
Cia, Coa C1p, Cap 

Nopl¥S 15S Dvop 

Ay: Substrate) [> a9 - pBo 

Aina OE 

MP87198 WR 

Al 
AO 


VREF(+) 
1/2 R 


CLK 


VREF(-) 


Figure 16. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP87198. 


T, 


6. 


Vivi0f J ff 7 7 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND -0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP7684A inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of 
MP87198. Use of wire wrap is not recommended. 


The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Analog and digital ground planes should be substantial and 
common at one point only. The ground plane should act as a 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. lf separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87198. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87198 should be connected to AVpp next to 
the MP87198. 


DVpp and AVpp are connected inside the MP87198 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1i.F) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


. The digital output should not drive long wires. The capacitive 


coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 


TOM 


MP87198 Z EXAR 


0.1uF 


Figure 17. Example of a Reference Voltage Source 


+5 V +5 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * C)y, of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 18. +5 V Analog Input 


+5 V +5 V 


1 of 4 +10v 2R 


AVpp 


VREF(+) 


DBO 


AIn1 


Aina 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| VREF(-) AGND 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


g Input 
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AIn4 
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DAC MP7641 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajj and Ladder detail shown. 


Figure 20. A/D Ladder and Ajj with Programmed Control 
(of VREF(+), VREF(-), 1/2 TAP.) 


TOM’ 


MP87198 


PERFORMANCE CHARACTERISTICS 


Vdd=5 V 
Vref(+)=4.6V 
el = 


ll 
Vdd=5V 
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Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 


Vref(+)=4.6V 
Vref(-j=0V 
Fs=1MH2 
NEG. [ NEG. DNL | 
5 40 85 125 


[ NEG. DNL | DNL 
11 1.6 2.1 41 4.6 


2.6 : } : 
Vrefp-p(V) Temperature(C) 
Graph 5. DNL vs. Reference Voltage Graph 6. DNL vs. Temperature 
Fir ff 7 ff ff f / TOM 
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Vref(+)=4.6V 
Vref(-j=0V 


0.6 


Power Down Idd(mA) 


Temperature(C) 


Temperature(C) 


Graph 7. Supply Current vs. Graph 8. Power Down Current vs. 
Temperature Temperature 


Vdd=5V 
Vref(+)=4.6V 


Vref(-)=0V 


1.2 


Ref. Resistance(Kohm) 


0.5 
55 -40 25 85 125 
Temperature(C) 


Graph 9. Reference Resistance vs. 
Temperature 
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FEATURES 


e Precision 7—Bit Plus Sign ADC 

e 8 Channel Analog Mux 

e Single Reference to GND 

e Input Referenced to User Supplied Vip 
e DNL=+1/2 LSB, INL=+ 1 LSB 

e Single Supply: 5 V 

e ESD Protection: 2000 V 


GENERAL DESCRIPTION 


The MP8820 is a precision 1.6 MHz sampling 7-bit plus sign 
Analog-to-Digital Converter with an eight channel input mux and 
uP interface. The device has internal circuitry which receives 
the user supplied reference voltages Vreri4) and Vref), and 
generates the ADC reference voltages Vip + (VREF(+) — 
Vrer(-))- Since VReF(4) is internally buffered and Vper_) is gen- 
erally ground, this structure allows the user to easily generate an 
input range biased about a user-supplied Vip from a grounded 
reference source. 


The internal ADC reference voltages are capable of swinging 


SIMPLIFIED BLOCK DIAGRAM 


Vpp 


@ 
GND 


MP8820 


8-Bit Analog-to-Digital Converter 
with an 8-Channel MUX 


soe 


APPLICATIONS 


e Servo Control 
e Low Cost Audio Control 
e Voice Acquisition 


to within 0.5 V of the supply rails, giving the MP8820 a wide 
range over which the effective channel gain can be adjusted. 


The MP8820 uses a two-step flash conversion technique. 
The first section determines the sign and the 3 MSBs while the 
second segment converts the 4LSBs. The ADC conversion be- 
gins when WR goes low and the data is valid 500 ns after the 
rising edge of WR. The MP8820 operates from a single 5V sup- 
ply and consumes only 175mW of power. 


Specified for operation over the industrial (-40 to +85°C) 
temperature range, the MP8820 is available in Surface Mount 
(SOIC) and Shrunk Small Outline (SSOP) packages. 


WR 
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ORDERING INFORMATION 
ee ee nn, | 
Type Range 


SOIC —40 to +85°C MP8820AS 
SSOP —40 to +85°C MP8820AQ 


PIN CONFIGURATIONS 


AO 
DBO 
DB1 
DB2 
DB3 
WR 
Test 
DB4 
DB5 
DB6 
DB7 
VREF(-) 
VREF(+) 
Vip 


See Packaging Section for 
Package Dimensions 


1 
2 
3 
4 
5 
6 
7 
8 
9 


28 Pin SOIC (0.300”) - S28 
28 Pin SSOP — A28 


PIN OUT DEFINITIONS 


Analog Input Mux Address Bit 1 VREF(+) Reference Voltage + Input 
Analog Input Mux Address Bit 2 Terminal 


Positive Power Supply (5 V) VREF(-) Reference Voltage — Input 


Terminal. 

Analog Input 0 DB7 (MSB)]} Data Output Bit 7 
Positive Power Supply (5 V) DB6 Data Output Bit 6 
Positive Power Supply (5 V) Data Output Bit 5 
Negative power supplies (OV) Data Output Bit 4 


Analog Input 1 Test Mode Pin 
Analog Input 2 


DAanN OA FP WwW DY — 


ce) 


Sample Window Control 


— 
i) 


Analog Input 3 Data Output Bit 3 
Analog Input 4 Data Output Bit 2 
Analog Input 5 Data Output Bit 1 


Analog Input 6 Data Output Bit 0 
Analog Input 7 


— 
—_— 


Analog Input Mux Address Bit 0 


ee oe a 
a Ff W DN 


System Reference 
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ELECTRICAL CHARACTERISTICS TABLE FOR DUAL SUPPLIES 
Unless Otherwise Noted: Vpp = 5 V, GND = 0 V, Vrer(4) = 1.5 V, Vrer(-) = 0 V, Vuip = 2.5 V. 


25°C 
Symbol Min Typ Max hii) Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution 

Differential Non-Linearity 
Differential Non-Linearity? 
Integral Non-Linearity’ 
Integral Non-Linearity*: 7 
Monotonicity 

Bipolar Zero Error 


Zero Scale Drift? 5 


Full Scale Error 
Vmip to Vat 
Vmip to Vr 


Full Scale Drift? © 
DC Input Range! 


Aperture Delay 
Input Capacitance 


REFERENCE VOLTAGES 


Positive Reference Input Voltage 


VreF(+) Input Resistance 
Internal Reference Settling Time 


Negative Reference Input Voltage 
Vrer(-) Input Resistance 

Vuip Input Current 

Vuip Range 


POWER SUPPLIES 


Positive Supply 

Negative Supply 

Power Supply Rejection Ratio? 
Supply Current 


DIGITAL CHARACTERISTICS?: 4 


Digital Input High Voltage 
Digital Input Low Voltage 


VREF(+) 


RVR+ 
VRstt 


VREF(-) 
RVR- 
Ivm 
VMID 


+1/4 

+1/2 

+1/2 

+1/2 
Guaranteed 
10 


VREF(+) —0-5 
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%?FS/°C 
Vpp 


ns 
pF 


@ Vrer(+) — VREF(-) = 0.5 V 
@ Vrer(+) — VREF(-) = 0.5 V 


Offset is measured as the bipolar 
zero code transition, 
01111111 to 10000000, relative to 


Vip 


This is a measure of the 
internal reference 
translation. Ideally 

Vat — Vmip = Vaio — Vee = 
VREF(+) — VREF(-) 


The analog input is specified as 
Vpp centered around Vyip 
From rising edge of WR 
Measured with Vij —- DC = 2.5 V 
and WR = low 


Reference voltage with respect to 
VREF(-) 


Settling time required for ADC to 
make a proper conversion after 
(VREF(+) = VREF(-)) has changed 


Vaio < Vpp —0.5 — 


[(VRer(+) — VREF(-)] 
VaiIp < Vss +0.5 + 


[(VReF(-) — VREF(-)] 
All GNDs are Chip Substrate 


f= 1kHz. Not tested. 
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ELECTRICAL CHARACTERISTICS TABLE 


25°C 
Description Symbol Min Typ Max Conditions 


DIGITAL CHARACTERISTICS 
(CONT’D) 


VoL : @ lo. =1mMA 

Vou ‘ @ loo = 1 mA 

lin-Dig 

3-State Leakage 

Digital Timing Specifications For testing, rise time = fall time = 
10 ns. Output loading = 50 pF. 


Write time (analog input tracking) 
Conversion Time 

Input mux set-up time 

Input mux hold time 


NOTES 

1 Maximum input voltage is 1 V less than Vpp. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 See timing diagram. 

5 


Measured as the change in the bipolar zero error over temperature. This error does not include the error introduced by the 
external reference drift. 

6 This error does not include the error introduced by the external reference drift. 

4 INL is measured as a 7-bit +sign ADC with 8-bit resolution. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


WO CIN vevgexuadhebtaveenwentercineeeenaoass 6V ts FIN 24236 eee ene e RA EKER ERE 5, 0K Oe 2000 V 
All Digital Inputs ............. Vpp +0.5 V to GND —0.5 V Package Power Dissipation Rating @ 75°C 

Storage Temperature .................45. —65 to 150°C Or, SOG cove aeciene sounds evesaarnanees 1000mW 
Lead Temperature (Soldering 10 seconds) ....... +300°C Derates above 75°C ............. cece eee 6mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 
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THEORY OF OPERATION 


The defining feature of the MP8820 is that it digitizes a bipolar 
input signal centered around a given voltage, Vip. The peak to 
peak swing of Ajj is defined by the two input reference voltages, 


Vrer(+) and Vrer-)- 
The MP8820 takes in the center voltage and the two refer- 


GND 


MP8820 


ence voltages and moves the resistor ladder endpoints Vat and 
Vrp of the ADC around Vip by +(VREF(+) — Vrer(-))- In this 
way, a unipolar to bipolar translation can take place without hav- 
ing to use both a positive and negative supply. The center volt- 
age acts as a bipolar zero and signals that moves below it are 
considered negative and signals that exceed it are taken to be 
positive. The block diagram is shown in Figure 17. 


DBO-DB7 


Figure 1. MP8820 Block Diagram 


Unlike a unipolar system where one end of the ADC’s resistor 
ladder is modulated above an offset voltage, both ends of the 
MP8820’s reference chain expand or contract around a fixed 
Vauip- The maximum positive full scale voltage is Vat = Vuip + 
(VREF(+)— VREF(-)). The maximum negative full scale voltage is 
VraB = Vip — (VReF(+) — VREF(-)). This type of translation is par- 
ticularly useful in single supply applications where the input is 
centered about user specified Vip. 


The ideal transfer characteristic of the MP8820 is shown in 
Figure 2. An actual transfer characteristic with associated error 
terms is shown in Figure 3. 


VIN 
Vat = Yip + (VRer(+) — VREF(-)) 


00000000 
CODE 


OUT 
11111111 


Vrs = Vaio = (VREF(+) — VREF(-)) 


Figure 2. Ideal Transfer Characteristics 
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GEES ASaI ae 2.7 


VIN 


+ Gain Error 


Ideal+ Offset 7 
a 


+ INL Error 


00000000 
— INL Error —- = 


Actual 


, 1111111 
— Gain Error _— - 


Figure 3. Transfer Characteristics 
with Error Terms 


The sign of the digital output code is determined by whether 
the input voltage, Ajj, exceeds Vip. If Aix is greater than Vip, 
then the seven bit conversion occurs in the positive half of the 
transfer function. If Ajy is less than Vip, then the translation oc- 


ta P 
A 


ise sen 
sa 


curs in the negative half of the transfer function. Table 1. shows 
the digital codes that result from different input voltages. 


me 


és 


00000000 


00000001 —FS + 1LSB 


Vuip = BZ 


10000000 


FS — 2LSB 
FS -—1LSB 


11111110 
11111111 


Table 1. Digital Codes vs. Input Voltage 


The MP8820 uses a stand alone uP interface. The user starts 
a conversion by taking WR low. While WR is low, the input track 
and hold follows the input voltage, Ajj. On the rising edge of 
WR, the input is sampled. The rising edge of WR enables astate 
machine which steps the ADC through a conversion. 


The output port is held in high impedance state during the 
conversion period. The operating timing diagrams are shown in 
Figure 4. - 


WR Re 
N Track AIn Or Sample N / ' \ 


—_ 
tcONv 


> Tio 


DBO-DB7 Data Valid for Sample N-1 )} {Data Valid for Sample N 


Tmsu | TMH 


Mux Address Valid 
for Sample N 


Figure 4. Operating Timing Diagrams 


Analog To Digital Conversion 


The MP8820 converts analog voltages into 256 digital codes 
by encoding the outputs of 15 coarse and 15 fine comparators. 
When WR goes low, the input sample and hold circuitry is en- 
abled. The track and hold circuit will follow the output of the 8 
channel mux. The channel that is to be converted does not need 
to be selected until a time equal to Tyysy, or 150 ns, before the 
rising edge of WR. So, while WR is low, the track and hold circuit 
only has to follow the analog input to be converted for 150 ns. 


Vining J 7 ff 7 / 


The analog input is sampled at a time equal to the aperture 
delay, Tap, after the rising edge of WR. The aperture delay also 
accounts for internal propagation delays. The mux address 
lines may also select anew channelat atime equal to Tap follow- 
ing the rising edge of WR. For the analog timing diagram, see 
Figure 5. 
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clock phase oc. The voltage stored on the capacitor is then 


ion "= Se equal to Vea: + (Vin—Vtap). This voltage will force the inverter 
. high or low and the result is latched. 
ae 


Figure 6. Comparator Block Diagram 


Figure 5. Analog Timing Diagram 


Inside the ADC is a series of comparators that sample the 
analog input and compare it against a resistor tap voltage. A 
state machine generates the internal clocks necessary to con- 
trol the comparators, oc (CLK high) and os (CLK low = sample). 
See Figure 6. The rising edge of the CLK input marks the end of 
the sampling phase, os. On os, the analog input voltage is 
sampled and stored across capacitor C1. The switches con- 


trolled by os are opened prior to the compare which is done on diagram is shown in Figure 7. 


Sample 


Compare 
MSBs 


Compare 
LSBs 


Correction 


Data 


The input mux operates as a standard 8 to 1 decoder. One of 
eight analog inputs is selected depending on the condition of the 


a ET i, Se eT ee 
$$ ".ems83—s@_$ AAA A $< 
ia iri 
fF 


Data Sample N-1 xX Data Sample N 


Figure 7. Internal ADC Timing Diagram 


address pins AO, A1, and A2. The mux can change address af- —_ ing edge of WR. 
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[Function SSW «XIN [AO 
[StatAnwackng [itt iii 
[SampleAw TSO 
[Stat Conve Sidi 
[Conversion Complete ——t_—«dL Xd Od 
Enable OutputData—-[X_-[O-+(x +(x ix 
[SelectinputAni =X «dX OC*dOC*dONC 


Select Input Ain 
Select Input Ajn4 


ai Ae 


Table 2. Truth Table 
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The analog to digital conversion happens in four phases. 
During the first phase, the analog input is sampled. During the 
second phase, this input is compared against the reference lad- 
der to determine the MSBs. After the MSBs are determined, a 
subrange is set for phase three, the conversion of the LSBs. 
Once all the bits have been derived, the MP8820 performs a 
correction. The valid data is then ready at the output. The timing 


ter a time equal to tap following the rising edge of WR. The ad- 
dress should be held constant for at least 150 ns before the ris- 
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Graph 5. DNL vs. Temperature 
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0.5 
ee 
0.3 {{¥mid=2.5¥ 0.4 
oo eee SEE 
gate tt Tt 02 to 
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Z01 PUES on 


OO 
FS 
rae re ee 


sig -0.4 
ee A ee ae ae a a a 
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Cds 0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256 
Code 
Graph 6. DNL Error Plot Graph 7. INL Error Plot for 
7-Bit + Sign ADC oe 
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FEATURES 


e 3 Independent 10-bit ADCs 

e Simultaneous Sampling @ 1.25 MSPS 

e Independent Digitally Controlled References 

e 9-bit Positive Reference and 6-bit Negative 
Reference Adjustment per Sample 

e Low Power: 500mW (typ) 

e Internal Track and Hold 

e Single 5 V Supply 

e Fast Mode for OCR 

e Ajn Input Range: 1.3 V to 2.6 V p-p 

e Black Level Clamp 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 


GENERAL DESCRIPTION 


The MP8830 is a simultaneous sampling 1.25 MSPS triple 
10-bit A/D Converter. It provides pixel-to-pixel correction of CCD 
or other inputs by updating gain and offset parameters supplied 
from an external correction memory. Each ADC has a 9-bit DAC 
driving its positive reference voltage and a 6-bit DAC driving its 
negative reference to independently adjust the gain and offset of 
each channel. 


The MP8830 uses ADCs with a subranging architecture to 
maintain low power consumption at high conversion rates. Our 
proprietary comparator design achieves a low analog input ca- 


ORDERING INFORMATION 
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Package Temperature 
Type Range 


PQFP 0 to +60°C MP8830AE 


MP8830 


Triple 10-bit High Speed 
Analog-to-Digital Converter with 
Digitally Controlled References 


BENEFITS 


e Pixel-to-Pixel Correction 

e Improves Effective Resolution over Software 
Correction Schemes 

e Reduced DSP/Processor Demands 

e Reduction of Parts Count and System Cost 


APPLICATIONS 


e Precision CCD Systems 

e Color and B&W Scanners 
e Digital Copiers 

e IR Cameras 


pacitance and performs an on-chip sample and hold function. 
The MP8830 uses proprietary high speed DACs to drive the 
ADC references which allows reference adjustment on every 
conversion at a 1.25 MHz rate. An internal clamp is available for 
DC restoration of Ajj black level. 


The MP8830 operates from a single 5 V supply and an exter- 
nal 1 V reference, and consumes only 500mW of power (typ). 


Specified for operation over the temperature range 0 to 60°C, 
the MP8830 is available in a 64 lead Plastic Quad Flat Pack 
(PQFP) package. 
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BLOCK DIAGRAM 


AVDD AGND DVDD) DGND 
(4) (4) (2) (3) 
O 


AFORC © 

ASENS Q 

AGND2 © 

BFORC 9 Pf i ied —_ convert 
BSENS © | - AD9-MSB, ADO=LSB 
BGND2 0 

CFORC © For pass through 
CSENS © operation: 

CGND2 O AD9-CD14...AD0-CD5 


CDO-CD14 


CDO-CD5 = 
Offset DAC 
CD6-CD14 = 
Gain DAC 


ACLP © 


(Pass Through Bus) 


(Pass Through Bus) 


PIN CONFIGURATION 


48 33 
See Packaging Section for TATA AT THT 
Package Dimensions 


—— See the following page none 
— for pinnumbers and — 
— descriptions — 
=a as 
— Index — 
64-— —— 7 


16 


1 


64 Pin PQFP 
Q64 
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PIN OUT DEFINITIONS 


_PINNO. | _NAME DESCRIPTION _PivNo.| NAME _ DESCRIPTION 


Digital Positive Power Supply Sensing Voltage for Biasing the 
DAC Input Pin 14 A Channel 


DAC Input Pin 13 Pee i for Biasing the 


DAC Input Pin 12 A Channel Analog Input 

DAC Input Pin 11 Analog Negative Power Supply 
DAC Input Pin 10 Clamp Voltage A 

DAC Input Pin 9 Calibration Input Voltage 

DAC Input Pin 8 Analog Mux Control 

DAC Input Pin 7 Digital Negative Power Supply 


Eee MULE ING Black Level Clamp Control 
DAC Input Pin 5 (Active Low) 


DAC Input Pin 4 No Connection 
DAC Input Pin 3 Digital Negative Power Supply 
DAC Input Pin 2 Digital Positive Power Supply 


ON Oak WO DY — 


— -— © 
- Oo 


DAC Input Pin 1 FAST Mode Enable 
DAC Input Pin 0 Analog Negative Power Supply 


Analog Positive Power Supply Analog Positive Power Supply 


Sensing Voltage for Biasing the Pass Through Mode Enable 
se eulealliag READ not WRITE 


Forcing Voltage for Biasing the Channel C Data Clock 
C Channel 

C Channel Analog Input SHEN 2 eee eee 
Analog Ground Related to Channel A Bata Gieee 
DAC Bias Cycle Clock 

Clamp Voltage C ADC Data Output 9 
Analog Negative Power Supply ADC Data Output 8 
Analog Positive Power Supply ADC Data Output 7 
Sensing Voltage for Biasing the ADC Data Output 6 


B Channel ADC Data Output 5 


Forcing Voltage for Biasing the 
B Channel ADC Data Output 4 


B Channel Analog Input 


oa a Cr re! Ces ae © 
ON DOO FSF W PP 


ADC Data Output 3 

Analog Ground Related to ADC Data Output 2 

DAC Bias ADC Data Output 1 

Clamp Voltage B ADC Data Output 0 

Analog Negative Power Supply Digital Negative Power Supply 
Analog Positive Power Supply 


Analog Ground Related to 
DAC Bias 


Note: All digital signals are active high unless otherwise noted. 
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ELECTRICAL CHARACTERISTICS 
Unless otherwise specified: AVpp = DVpp= 5 V, DGND = AGND = 0 V, Veer = AVpp x 0.2 
Temperature = 0 to 60°C! 


A/D Converters 


Resolution = TN [Nf 10] P| Bits — 


ee Non-Linearity — 1D 2|LSB Gain DAC = 000 (hex), offset DAC = 00 (hex). 
Monotonicity guaranteed. 

Differential Non-Linearity 2|LSB Gain DAC = 1FF (hex), offset DAC = 00 (hex). 
Monotonicity guaranteed. 

Integral Non-Linearity INL 2 2.75 | LSB Gain DAC = 000 (hex), offset DAC = 00 (hex), 
Best fit straight line. 

Integral Non-Linearity 2 |LSB Gain DAC = 1FF (hex), offset DAC = 00 (hex), 
Best fit straight line. 


Zero Scale Error Measured with offset and gain DACs set to 
000. Offset is defined as the difference be- 
tween the clamp voltage and the analog input 
voltage which results in the transition of the 
ADC code from 004 to 005. 


Measured as the change in the ZSE over tem- 
perature. This error does not include the error 
introduced by the external Vper amplifier or 

external Vre_er resistor divider. 


Zero Scale Drift2 


DC Input Range AIn VCLP 
—5mV 
7 ft _ 


The digitizing range is set with the Gain DAC 
and offset DAC. Please note Ajj (min) is 

VCLP —4LSB =Vpp and Ain (max) is GFS 
(max) + ZSR (max) + VCLP — 4 LSB. 


The conversion rate is determined by the tim- 
ing diagram and timing specifications. Set by 
the CVL period. 


Assuming Ajj voltage remains within the spe- 
cified digitizing range based on the offset and 
gain DAC codes. 


Analog Input Voltage Change from 
Sample to Sample 


Input Capacitance? Cin 


Gain DAC 


a 
[ifereniaNontneany [ost | |__| 225s 
nepainennety fe 


Gain DAC Full Scale 2.76|V 
(Vat — VB) 


FC - 


Settling Time (MGC) 


Gain DAC = 1FF 
Vprt is the top of the ADC reference ladder. 
Refer to block diagram. 


Gain DAC = 000 
Vrp is the bottom of the ADC reference lad- 
der. Refer to block diagram. 


Gain DAC Zero Scale 
(Vat — VRB) 


After the specified maximum change in gain 
DAC setting, the ADC should output the same 
code +1 LSB for all of the following conver- 
sions assuming the analog input remains 
fixed, i.e. DC. 


Maximum Gain Change per Cycle@ 


3-392 


¥ EXAR — MP8830 
Parameter [Symbol win] Twp | Max [Units |TestCondionsiComments 


Offset DAC 


[Reson INTs 

Vrp Range ZSR 152 158 164 | mV This is measured as the voltage difference at 
the clamp pin of the selected channel when 
the offset DAC changed from 000 (hex) to 3F 
(hex) with the gain DAC at 1FF (hex). Refer 
tion section. 

Maximum Offset Change per Cycle? | MOC 100 | % FSR | After the specified maximum change in offset 
DAC setting, the ADC should output the same 
code +1 LSB for all of the following conver- 
sions assuming the analog input remains 
fixed, i.e. DC. 

Full Scale Settling Time? 200 For a 00 (hex) to 3F (hex) change of offset 
DAC code. 

Black Level Clamp Switch 

Input Leakage ee ee eee ee ee Offset DAC at 00 (hex) (worst case condition). 

Clamp Switching Charge Injection? Que | fT 0 pC Offset DAC at 00 (hex) (worst case condition). 

Voltage at Clamp Pin VcoLp 170 180 190 | mV Offset by 4 LSB from bottom tap of ADC lad- 
der. Gain = 000 (H). Offset DAC = 00. 

Reference Voltage Requirements (See Theory of Operation) 

All linearity specifications assume the refer- 


to Vat and Vrg EQNs in the theory of opera- 
ence voltage = AVpp X ( 0.2 ). 


Reference Voltage 


Functional. 


[atbvatonverage _——~=«dVEAT [AGN] =| Ao fV | SSCS 


Sense Pins Input Resistance RINS is measured from the sense pin to 
(ASENS, BSENS, CSENS) AGND2, BGND2, CGND2 with the power 
turned off and test voltage less than 250 mV. 


Power Supplies (Note: All GND pins are substrate) 


oaiogNecewvesupy [asso | of of ely | 
Pia NegaiveSumpy ___—_—~ieand of of ely | 
Power SuppyReiecion _[PsmR_| | «| ole fe 
[Supp Curent ‘flee | | 100] 180 [ma [Dung peciod operation. 


Digital Characteristics 


Digital Input High Voltage for Control | Viy 3.5 V All digital input pins other than DAC data 
Pins inputs. 
V 18 1V¥ All digital input pins other than DAC data 
inputs. 
Digital Input High Voltage for DAC Vin 2.4 
Input Pins 


pf V DAC data inputs, CD0-CD14 
Digital Input Low Voltage for DAC Vit 0.4|V DAC data inputs, CD0-CD14 
Input Pins 


VoL VoL 
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Parameter Symbol | min| Typ | Max Units [TestConditionsiComments 


ET 


Digital Timing Specifications? For testing, rise time = fall time = 
10 ns. Output loading = 60 pF except for 
ADO-AD9 for which loading is 40 pF. Rise 
and fall times faster than 5 ns should be 
avoided. 


AENL, BENL, CENL ty 125 ns 
Pulse Width 
BENL Rising Edge to CENL Rising 270 ns 
Edge 
AENL Rising Edge to CVL Falling 
Edge 


30 

D/A Data Setup Time 20 
20 

0 


Analog Input Hold Time = 


CVL Rising Edge to AENL Rising t 23 
Edge 
A/D Data Enable Time 
CENL to Channel C data. 


CENL Rising Edge to CVL Rising to 40 ns 

Edge 

Analog Input Settled to 0.1% 50 ns Assumes the sample is taken at the rising 
edge of AENL. 


A/D Data Hold Time 


Aperture Delay 


CVL Falling Edge to BENL Rising 
Edge 


Delay from CD5-14 to ADO-9 with 
CREN=1 


(end). 
Delay from ADO-9 to CD5-14 with ty 


Delay from DCL Falling Edge to ty5 40 | ns External analog clamp voltage settling de- 
Clamp on. pends on external circuitry. 
Delay from DCL Rising Edge to tig 40 | ns External analog clamp voltage settling de- 
Clamp off. pends on external circuitry. 


Time for ADO-9 and CD5-14 to switch ns User should stop driving the bus before 


from normal operation to pass changing the mode and data will not be valid 
an 


tg 
t4 
ts 
te 

7 


CVL to Channel A data. 
BENL to Channel B data. 


s+ 
BS 
i=) 
=) 
_ 


t 
t 
ta Analog sampling window delay from CVL ris- 
ing (T) edge (start) or AENL rising (T) edge 


: 
oO 


t 


— 
©O 
oO 


1 
1 
1 
1 


t 


0 
1 

Pp 
2 
3 
4 


through mode or vise versa (i.e. bus for 40 ns after a change of mode. 
contention). 


This quiet time is necessary to reduce digital 
crosstalk during the critical sampling time. 

The accuracy of each conversion may be cor- 
rupted due to digital noise on the board during 
this period. 


Digital Quiet Time 


This quiet time is necessary to reduce digital 
crosstalk during the critical sampling time. 

The accuracy of each conversion may be cor- 
rupted due to digital noise on the board during 
this period. 


Digital Quiet Time 


Notes 
1 Production testing performanced at 25°C. 
2 Not production tested. 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 1:2 


P¥op tO GND wicccdoveev ewes cncevisasewecdauesnss 6V ESO AGUNG s2nscaxckeervovevsaee anny 2000 V on all pins. 
DVpp OTA supe: ceca cerns av eswsGaeenss renee wed 6V — : ; 

BN 9 — DV Op) cass unascvawnennseeoneeewnns 150 mV DC Package Power Dissipation Rating @ 75°C 

AU AGN: va:0<20csvckenonnwnans Vpp +0.5 to GND —0.5 V POPE giacnenecconsuteseine nnadeok vn seas 1100 mW 
Storage Temperature .................. —65°C to 150°C Dewees AGOVS TO ssc tvenwas ees eeorsne 15 mW/°C 
Lead Temperature ............. 00 ccc cece ee eens 300°C VOR 2a sa enhoecascssebsccaeenssecenss uc 150°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ logic inputs have protection diodes which will protect the device from 
short transients outside the supplies of less than 100mA for less than 100us. 
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TIMING DIAGRAMS 
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Figure 3. DAC Input and ADC Output Timing for Normal Convert Operation (CREN = 0) 
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Pass Through Mode 


1: 
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3. 
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AENL, BENL & CENL should be held high during pass-through mode. ADCs and DACs will not work properly during pass-through. 


Pass-through mode enable. When CREN is high, pass-through mode between the ADC and DAC ports is enabled. RNW controls the direction 


of pass-through operation. 


READ not WRITE signal. RNW controls the direction of the pass-through operation when CREN is high, and has no impact when CREN is low. 
When RNW is high, data passes from the DAC port to the ADC port. When RNW is low, data passes from the ADC port to the DAC port. Note the 


port connections are: CD5; ADO; CD6; AD1;...;CD14; AD9. 
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Figure 4. Timing for Pass Through Mode Operation 
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THEORY OF OPERATION 


The MP8830 is composed of three ADC converters with dy- 
namic gain and offset control along with their associated analog 
and digital support circuitry. The three converters are intended 
to be used in a simultaneous sampling configuration. The only 
external circuits required are a reference and reference buffer 
amp. 


The ADC gain and offset DAC inputs, ADC output data, and 
the Ajj Sampling time are related to the four clock inputs, CVL, 
AENL, BENL and CENL. 


In applications which require rejecting a bias level from the 
analog input, a zero clamp is provided for each channel. With 
the addition of a buffer input amp and blocking capacitor, this 
function rejects the bias present during DCL = 0 time on the ana- 
log input. 


ADC calibration or test can be performed using the built-in 
VCAL/ Ajj MUX which will switch the ADC Ajj from the channel 
input voltage, AAN, BAN, CAN to VCAL. 


A fast mode is provided, where only the four ADC MSBs are 
produced while the remaining data is set to OO(hex). 


To simplify board layout, a data pass-through configuration is 
provided to allow bi-directional communication between the 
ADC data port and the 10 MSBs of the DAC |/O port. 


ADC System Overall Sequence 


The following section describes the events which take place 
during one conversion cycle (Figures 1-4). Assume at power up, 
or in the previous cycle, that the values for the gains and offsets 
needed for this sample set have been loaded into the first DAC 
registers. This data is loaded into the second registers for all 
three channels on the rising edge of CVL. Ajj tracking for all 
channels is also started after tap delay. Note that the AENL, 
BENL and CENL were at “1” states. 


At the falling edge of AENL, the channel A gain and offset 
data for the next cycle is loaded into the channel A first DAC reg- 
ister. The analog input sample for all three channels is taken at 


the rising edge of AENL after tap delay. 


At the falling edge of BENL, the channel B gain and offset 
data for the next cycle is loaded into the channel B first DAC reg- 
ister. The MSB comparators are also enabled at this time. At the 
rising edge of BENL, the MSB value is latched, and the range for 
the LSBsis selected. Note thatthe gain and offset DAC must be 
settled by this time in order for the MSB value to be correct (t7 + 
t4 + ty ensure this.) 


At the falling edge of CENL, the channel C gain and offset 
data for the next cycle is loaded into the channel C first DAC reg- 
ister. The LSB comparators are also enabled at this time. At the 


rising edge of CENL, the LSB value is latched. 


During the time (tg) when CENL =1 and CVL = 0, the MSB 
data is corrected (if necessary) and then propagated along with 
the LSB data to the ADC outputs. On the rising edge of CVL, 
channel A data is enabled at the output port. 


Since the actual ADC samples are taken at the rising edge of 
AENL after tap delay, this period of time is the most sensitive to 
transition noise from digital components. Keep all transitions 
outside of the tg, ty9 digital quiet time window around the AENL 
rising edge. Since the ADC output bus will change states at the 
rising edge of CVL, the time from CVL rising to AENL rising is 
important. The delay from CVL rising to channel A valid on the 
ADC bus is tg. This requires that AENL rising edge must not oc- 
cur until at least tg after CVL rising. 


CVL Functions 


CVL rising edge performs three functions. The first is to up- 
date the gain and offset DACs from their respective first regis- 
ters simultaneously. The second function is to initiate the sam- 
ple window. The third function is to latch the results of the pre- 
vious conversions into the ADC output register. 


The A channel ADC data is presented at the ADC data port 
after CVL rising edge. CVL falling edge does not change any 
internal state. 


DAC Data Port Operation 


DAC data is loaded first into an input register and then loaded 
into the DAC register. 


The input register allows sequential loading of the next con- 
version settings for all the channels through the 15-bit DAC data 
bus while the ADC data is being clocked out of the ADC data 
port. The second register allows for simultaneous updating of all 
channels at the beginning of the analog sample period. This tim- 
ing gives the ADC reference levels adequate time to settle be- 
fore being used to convert the sampled Ajj. Note that the DAC 
data must be presented at each cycle, since there is no provision 
for holding DAC data after each cycle. 


At power up, the DAC states should be set for the first sam- 
ple’s required gain and offset settings. This is accomplished by 
setting CVL = 1, and cycling each of the AENL, BENL, and 
CENL clocks from their 1 to 0 to 1 states sequentially with each 
channel’s respective data present at the DAC data port. 


TOM 


fe EXAR 


Channel A of MP8830 


Figure 5. Simplified Diagram 
Channel A Example 


Black Level Switch Operation 


The MP8830 is equipped with a black level setting switch. 
The function of the black level setting switch is to store the DC 
offset value of the ADC as well as the common mode value of 
Ain across the external Cpc-hold capacitor. This is a cost effec- 
tive method to store the black level of Ajj or the offset of the sys- 
tem. Note that the ACLP, BCLP, and CCLP level is DC shifted to 
accommodate for the distribution of ADC offset. 


One terminal of each clamp switch is connected at the ladder 
tap voltage which corresponds to +4 LSB from the ADC 


ADC to measure as low as —4 LSB of the analog input voltage 
relative to the clamp voltage. To increase the negative input de- 
tectable range, clamp with the offset DAC at a code higher than 
OO(hex). 


The second terminal of the clamp switch is connected to a pin 
with its corresponding channel prefix. For channel A, the pin is 
named ACLP. 


The control of the all the switches is provided by a separate 
unlatched logic input called DCL. The delay from DCL falling 
edge to switch on is specified as t}g. The actual time required to 
store the bias voltage depends on the external C value, and bias 
variation from sample to sample. The equivalent impedance of 
the clamp is 100Q typical, spec name of Ron, and must be in- 
cluded in the analysis of the zero sample time considerations. 


The black level is a function of the offset DAC, and therefore 
requires that the value of the offset DAC be loaded into the offset 
DAC second register before the clamp is turned on. This value 
can be set from O00(hex) to 3F(hex) corresponding to a clamp 
level change of ZSR. 


The voltage swing at the ACLP, BCLP, CCLP pin after clamp 
should be limited to the range of AVpp to AGND. This will pre- 
vent the stored charge on the holding cap from being changed 
by the input protection devices. 


A 50Q to 100Q resistor in series with the ACLP, BCLP, CCLP 
pin will limit the current induced in the protection and parasitic 
diodes due to over-voltages induced by the source. Limit this 
current with the use of external protection diodes. 
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Figure 6. MP8830 Single-Channel Equivalent Circuit 
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- 000(hex) to 001(hex) transition. This 4 LSB offset allows the 
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ADC Gain and Offset Control 


Each channel of the MP8830 contains a 10-bit ADC, a 10-bit 
DAC with MSB = 1 (9 active bits) driving the positive reference, 
and a 6-bit DAC driving the negative reference of the ADCs lad- 
der network. 


The relationship between the ADC gain and offset and the 
DAC data can be expressed mathematically. 


Assign the terms Vpz and Vpp to represent the voltages for 
the ADC full scale and black levels. DgainA and DoffsetA repre- 
sent the digital value for the gain and offset parameters set by 
the DACs for channel A. 


Vert and Vpp are defined by the equation: 


—— 


Ver = { + ) * 13| * VREF + Vrp 


Vrp = ft so 6 yo 0.16| * V REF 


Ver — Ver — {c + 79 ) * 13| * VreF 


AVop 
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A 
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Figure 7. Driving the AFORC and ASENS Pins 
(Channel A Example) 


Channel Bias Circuitry 


The gain DAC and the offset DAC for each channel have a 
combined bias generator for setting their full scale range. An ex- 
ternal op amp is required and is connected per Figure 7. The 


eee range for each channel can be wa same or different 
depending on the application and nominal channel gain re- 
quired. A higher Vref provides lower channel gain. 
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Figure 8. ADC Input Equivalent Circuit 


ADC Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Figure 8. shows an equivalent input circuit. 


VCAL and VINMX 


VCAL voltage is connected through an analog mux to all 3 
channel inputs at VINMX=1. VCAL can then be used to normal- 
ize all three ADC input voltage to output states. It can be used for 
testing as well as building calibration tables for all three chan- 
nels. 


Supply and Grounds 


AGND1, BGND1, CGND1, and GND3 should be connected 
under the package to make their common impedence as low as 
possible. AGND2, BGND2, CGND2 should also be connected 
to this ground. 


Use a single supply to drive all of the Vpp pins. AVpp, BVpp, 
CVpp, Vpp3 should be connected to a commcn supply plane 
which forms a supply / ground plane with the analog ground 
plane. In addition, local decoupling (preferably 0.1 uFchip type) 
should be connected between each analog Vpp pin and its clos- 
est analog ground. 


A decoupling capacitor (preferably 0.1 uFchip type) should 
be connected across pin 1 and 64 and between pin 44 and 43. A 
DVpp to DGND supply/ground plane should also be provided. 
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PIN OUT DEFINITIONS 


A, 44 | Digital positive power supplies. 5 V. Should be decoupled to digital GND plane. The two 
DVpp pins both connect to the ESD ring as well as the control logic, data port logic, and the 
internal ADC /~_ data bus drivers. 


Analog positive power supplies. 5 V. Should be star connected to the analog supply post or 
direct connection to analog supply plane. Decouple to AGND, BGND, CGND. Vpp3 powers 
the ADC internal logic only. 


Analog negative power supplies. 0 V. Should be star connected to analog ground post or 
direct connection to the analog ground plane. These GNDs power the analog sections of the 
ADC and the circuitry in the DACs. GNDS pin connects to the internal ADC data bus and the 
ADC internal logic. 


Analog grounds related to DAC bias are the common voltage for the reference. The ADC 
ladder resistor terminates to this pin as well as the internal bias resistor used for setting the 
DAC reference. These pins should be used as the reference ground voltage for all analog 
measurements. 


52 AENL Channel A data clock, active low. A DAC data loaded into first register bank on the falling 
edge of AENL. 

51 BENL Channel B data clock, active low. B DAC data loaded into the first register on the falling edge 
of BENL. B ADC data loaded to the ADC output port on falling edge (and should be read on 
the rising edge). 

50 CENL Channel C data clock, active low. C DAC data loaded into the first register on the falling edge 
of CENL. C ADC data loaded to the ADC output port on falling edge (and should be read on 
the rising edge). 

Cycle clock. All DACs loaded on rising edge. Begin sample of analog input on rising edge. A 
ADC data is loaded to the ADC output port on the rising edge of CVL (and should be read on 
the rising edge of AENL). 


READ not WRITE earth RNW controls the direction of the pass through operation when 
CREN is high and has no impact when CREN is low. When RNW is high data passes from 

the DAC port to the ADC port. When RNW is low, data passes from the ADC port to the DAC 
port. Note, the port connections are: CD5; ADO; CD6; AD1;......;CD14; ADY. 


Analog mux control. VijMX controls the analog mux on the input of all three ADCs. When 
VinMX is high, all ADC inputs are connected to VCAL. When low, each ADC is connected to 
its particular analog input pin. 


Fast mode enable. The FAST pin controls the mode of the ADCs. When low, the part func- 
tions as specified for 10-bit resolution. When high, the ADC’s resolution becomes 4-bit and 


the LSBs are forced low. The clock rate can be increased in this mode to 3 MHz. 


(37 [ACLP Clamp voltage A. Black level clamp pin for the A channel. 


—— Clamp voltage B. Black level clamp pin for the B channel. 


;CCLP =| Clamp voltage C. Black level clamp pin for the C channel. 


‘a level clamp control (active low). Black level clamp enable for all pins. All Black level 
clamps are turned on when DCL is low. 
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AFORC Forcing voltage for biasing the internal DACs. This is the gate of the N-Channel biasing tran- 


sistor for the A channel. 
33 ASENS 


Sensing voltage for biasing the internal DACs. This is the source of the N-channel biasing 
transistor and the top terminal of the internal biasing resistor for the A channel. 
19 


sistor for the B channel. 


Sensing voltage for biasing the internal DACs. This is the source of the N-Channel biasing 
transistor and the top terminal of the internal biasing resistor for the B channel. 


Forcing voltage for biasing the internal DACs. This is the gate of the N-Channel biasing tran- 
sistor for the C channel. 


Sensing voltage for biasing the internal DACs. This is the source of the N-Channel biasing 
transistor and the top terminal of the internal biasing resistor for the C channel. 


ADC data output pins. AD9 is the MSB. 


54-63 AD9-ADO 
- DAC input pins. CD14-CD6 are the Gain DAC MSB to LSB. CD5-CD0 are the offset DAC 


2-16 CD14-CDO 
MSB to LSB. 


DGND Digital Ground. 


Note: All digital signals are active high unless otherwise noted. 


Forcing voltage for biasing the internal DACs. This is the gate of the N-Channel biasing tran- 
CFORC 


18 CSENS 


APPLICATION NOTES FOR CCD SYSTEMS 


A typical CCD digitizing configuration is shown in Figure 9., span for each pixel are controlled. In the traditional application, 
which incorporates global gain and offset adjustment as well as the offset and span settings interact requiring addtional com- 
pixel-to-pixel variation correction. The MP8830 can greatlysim- | putations for each pixel adjustment. With the MP8830, the offset 
plify this type of system by replacing the ADCs, the pixelcorrec- | and span settings can be calibrated separately simplifying the 


tion DACs, and the global offset DACs as shown in Figure 10, | Computations necessary. 
One main advantage of the MP8830 is the way the offset and 
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Figure 9. Common Configuration for CCD Digitizer 
1 Channel Shown 


3-402 


mn EXAR —— _MP8830 


MP8830 
ASENS 
AFORC 


a | Wide Bandwidth 
Op Amp 


BFORC 
BSENS 


CFORC 
CSENS 


OPEN 


Figure 12. Simplified Reference 
Buffer Amp Configuration 


Additional gain adjustment is possible by varying the channel 
Vref voltage during calibration. Figure 13. shows a general 
drawing for this approach. By using the MP7643, the buffer am- 
plifiers can be eliminated as shown in Figure 14. 


Figure 10. Common Configuration for 
CCD Digitizer with MP8830 
1 Channel Shown 


MP8830 


The configuration shown in Figure 10. incorporates all of the 
building blocks present in previous generations. As shown, the 
MP7652 allows for a serial data path for the global adjustment 
DACs. The MP7643 allows for a parallel data path. The clamp 
function would not normally be used in this configuration. 


AFORC 


ASENS 


BFORC 


As shown in Figure 11., by using the clamp pin, the global off- 
set (black level) can be AC coupled to the ADC in order to simpli- 
fy the offset calibration and eliminate thermal and power supply 
induced errors. 


BSENS 


CFORC 
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Figure 13. 3/8 of MP7670 
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Figure 11. Configuration for CCD Digitizer using 
Black Level Clamp 
Channel A Shown 


BSENS 


CFORC 


CSENS 


The amount of adjustment range available with the standard 
configuration may allow for the use of only one Vref buffer amp 
by connecting the A, B, CFRC pins together on the MP8830 and 
using the ASENS pin as the feedback point to the buffer. BSENS 
and CSENS are open in this case. See Figure 12. 
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PERFORMANCE CHARACTERISTICS 
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Graph 1. ADC DNL Error Plot 
Channel A 
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Graph 2. ADC INL Error Plot 
Channel A 
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Graph 3. Gain DAC DNL Error Plot 


Channel A 
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Graph 4. Gain DAC INL Error Plot 
Channel A 


Graph 5. Offset DAC DNL Error Plot 
Channel A 


Graph 6. Offset DAC INL Error Plot 
Channel A 
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Graph 7. ADC DNL Error Plot Graph 8. ADC INL Error Plot 
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Graph 9. Gain DAC DNL Error Plot Graph 10. Gain DAC INL Error Plot 
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Graph 11. Offset DAC DNL Error Plot Graph 12. Offset DAC INL Error Plot 
Channel B Channel B 
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Graph 13. ADC DNL Error Plot 
Channel C 
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Graph 15. Gain DAC DNL Error Plot 
Channel C 


Graph 17. Offset DAC DNL Error Plot 
Channel C 


Vining ff ff 7 


3-406 


128 256 384 512 640 768 896 1024 
CODE 


Graph 14. ADC INL Error Plot 
Channel C 
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Graph 18. Offset DAC INL Error Plot 
Channel C 
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FEATURES 


e 10-bit ADC with DNL < +0.75 LSB 
e 1.25 MHz Sampling Rate 


e Independent, Digitally Controlled ADC Offset & Full 


Scale Adjust 
- ADC Full Scale Range: 1.300V to 2.600V, 
with 9-bit Resolution 
- ADC Offset Range: 0.162V to 0.324V, with 
6-bit Resolution 
— Update Rate: Pixel by Pixel 
e Single 5 V Supply 
e Low Power CMOS: 180 mW (typical) 
e Power Down Mode (less than 100 yA) 
e Latch-Up Free 
e ESD Protection to over 2000V 


GENERAL DESCRIPTION 


The MP8831 is a 1.25 MSPS image digitizing chip that in- 
cludes a 10-bit Analog-to-Digital Converter with Digital-to-Ana- 
log Converters that allow sample-to-sample corrections of the 
offset and full scale voltages. This allows imaging systems to 
calibrate and compensate for individual pixel offset and gain er- 


rors. The offset can be adjusted from 0.162V to 0.324V in 64 © 


steps (6-bit resolution), while the full scale range (i.e. peak to 
peak input range) is adjustable from 1.3V to 2.6V in 512 steps 
(9-bit resolution). 


The A/D converter uses a subranging architecture to achieve 
high sample rates and low power consumption. Our patented 


ORDERING INFORMATION 


Package 
Type 


3-407 


ff 4 


Temperature 
Range 


SOIC 0 to +70°C MP8831AS 


MP8831 


10-Bit, High Speed 
Analog-to-Digital Converter 
with Digitally Controlled References 


APPLICATIONS 


e Precision B/W &color CCD Scanners & Cameras 
e Digital Copiers 
e Infra-Red Image Digitizers 


BENEFITS 


e Improved Resolution Compared to Software 
Corrections 

e Reduced Part Count & System Cost 

e Lower Power Consumption & Power Down for 
Battery Applications 


comparator design performs an on-chip track & hold function 
with alow analog input capacitance. Our proprietary high speed 
DAC design is used to drive and update the ADC reference lad- 
der at a 5 MHZ rate. 


The MP8831 operates from a single +5 volt supply and an ex- 
ternal 1V reference. Power consumption is typically only 
180mW during conversion operation, and less that 500mW in 
power down mode. 


Specified for operation over the industrial temperature range 
(0 to +70°C), the MP8831 is available in a Surface Mount (SOIC) 
package. 
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Fixed Voltage Output DACs 


| 414-61 / 128 
MP7610 MP7612 
oon MP7228 
Parallel MP7611 MP7613 | P7226 (Quad) 
# of | 


8-Bit Multiplying Voltage Output DACs 


Input | 7 
Bandwidth <5 MHz <10 MHz <15 MHz 
Serial MP7670 MP7641 MP7652 
MP8840 MP7651 
# of 


Resolution © 


Serial 
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Digital-to-Analog Converter Overview 


Resolution lor V/ Buffered or Parallel Operating Voltage 
Part # (Bits) # DACs | FIX or MUL Double Buffered | or Serial Range 


MP7616 16 4.5to16V PDIP, So SOIC 
MP7626 16 4.5 to 16.5 V PDIP, CDIP, PLCC 
MP7636A 16 1 4.5to 16.5 V SOIC 
MP7610 14 8 +12/-12 V PDIP, SOIC 
MP7611 14 8 +12/-12 V PQFP, PGA, PLCC 
MP7614 14 1 4.5to 16V PDIP, CDIP, SOIC 


MP7612 8 S +12/-12 V PDIP, SOIC 
MP7613 8 P +12/-12 V PQFP, PGA, PLCC 
MP7680 4 P 45to5.5V PDIP, CDIP, PQFP 
MP1208 1 P 45to16V PDIP, CDIP 
MP1209 1 P 4.5to 16V PDIP, CDIP 
MP1210 1 P 4.5to 16 V PDIP, CDIP 
MP1230 1 P 4.5to16V PDIP, CDIP 
MP1230A 1 P 4.5to 16V PDIP, CDIP, SOIC 

MP 1231 1 P 4.5 to 16 V PDIP, CDIP, SOIC 
MP1231A 1 P 4.5 to 16V PDIP, CDIP, SOIC 
MP1232 1 P 4.5 to 16V PDIP, CDIP 
MP1232A 1 P 4.5to16V PDIP, CDIP, SOIC 
MP7541 1 P 4.5to16V PDIP, CDIP, SOIC 
MP7541B 1 P 4.5 to 16 V PDIP, CDIP, SOIC 
MP7542 1 P 45to5.5V PDIP, CDIP, SOIC 
MP7543 1 S 45to5.5V PDIP, CDIP, SOIC, PLCC 
MP7545 1 P 4.5to16V PDIP, CDIP, SOIC, PLCC 
MP7545B 1 P 45to16V PDIP, SOIC, PLCC 
MP7623 1 P 4.5to 16 V PDIP, CDIP, SOIC, PLCC 
MP7645B 1 P 4.5to 16 V PDIP, CDIP 
MP7533 - 1 I/M 4Q 4.5to 16 V PDIP, CDIP, SOIC, PLCC 

ee it) ee 1. | ee oe 

MP7641 8 S 5, +5,+10V PDIP, SOIC 
MP7651 : 8 Ss +5 V PDIP, SOIC 
MP7670 8 8 S -5,+5V PDIP, SOIC 
MP8840 8 8 S -5,+5V PDIP, SOIC 
MP7643 8 4 P +5, +5, +10 V PDIP, SOIC 
MP7652 8 4 S +5, +5, +10 V PDIP, SOIC 
MP7226 8 4 P +5/15 V PDIP, SOIC, PLCC 
MP7628 8 4 P 4.5to5.5V PDIP, CDIP, SOIC, PLCC 
MP7528 8 2 P 4.5to16V PDIP, CDIP, SOIC, PLCC 
MP7529A 8 2 P 4.5to16V PDIP, SOIC, PLCC 
MP7529B 8 2 P 4.5to5.5V PDIP, SOIC, PLCC 
MP7228 8 8 P +5/15 V PDIP, CDIP, PLCC, SOIC 
MP7523 8 1 P 4.5to16V PDIP, CDIP, SOIC 
MP7524 8 1 P 4.5 to 16V PDIP, CDIP, SOIC, PLCC 
MP7524A 8 1 P 4.5to 16 V PDIP, SOIC 


Definitions 
| = Current Output, V = Voltage Output, F = Fixed Reference, M 2Q = Two Quadrant Multiplying, M 4Q = Four Quadrant Multiplying 
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Digital-to-Analog Converters 


MP7643 
4-Channel, Programmable Gain Voltage Output, 15 MHz Input Bandwidth 8-Bit DACs with 
Multiplying Parallel Digital Data Port 


e Programmable Gain 
e 4 Independent 2-Quadrant Multiplying 8-Bit DACs 
with Output Amplifiers 
e Dual Positive (+10 V and +5 V) Supplies or 
Dual (+5 V) Supplies Capability 
e High Speed: 
— 12.5 MHz Digital Clock Rate 
— VpreEFio Vout Settling Time: 150ns to 8-bit (typ) 
— Voltage Reference Input Bandwidth: 15 MHz 
e Very Low Noise Gain Control 
e Low Power: 80mW 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 
e DNL = +0.5 LSB, INL = +1 LSB (typ) 
e DACs Matched to +0.5% (typ) 
e Low Harmonic Distortion: 0.25% typical with 
Vref =1Vp-p @ 1 MHz 
e Latch-Up Free 
e ESD Protection: 2000 V Minimum 


MP7652 
4-Channel Voltage Output 15 MHz, Input Bandwidth, 8-Bit Multiplying DACs with 3-Wire Seri- 
al Digital Port and Independent References 


e Independent References 
e 4 Independent 2-Quadrant Multiplying 8-Bit DACs 
e Dual Positive (+10 V and +5 V) Supplies or 
Dual (+5 V) Supplies Capability 
e High Speed: 
— 12.5 MHz Digital Clock Rate 
— VreFto Vout Settling Time: 150ns to 8—bit (typ) 
— Voltage Reference Input Bandwidth: 15 MHz 
e Low Power: 80mW 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 
e DNL = +0.5 LSB, INL = +1 LSB (typ) 
e DACs Matched to +0.5% (typ) 
e Very Low Noise 
e Low Harmonic Distortion: 0.25% typical with 
Vref =1 Vp-p @ 1 MHz 
e Vpe-/2 Output Preset Level 
e Latch-Up Free 
ESD Protection: 2000 V Minimum 


New A/D Converter Highlights 


MP7670 
8-Channel, Voltage Output, 5 MHz, 4 Quadrant Multiplying 8-Bit D/A Converter with 


Serial Digital Data Port 


e 8 Independent 4-Quadrant Multiplying 8-Bit DACs 
e High Speed: 
—- Settling Time: 2.5 us to +1 LSB (typ) 
— Slew Rate: 5 V/us (typ) 
— Voltage Reference Input Bandwidth: 5 MHz (Vij = 100 mV p-p) 
e Low Power: 80 mW (typ) 
e DACs Matched to +0.5% (typ) 
e Power on Preset to Zero Volts for All Outputs 
e Midscale Preset, all DAC Outputs are Zero Volts 
e Latch-Up Free 
e Greater than 2000 V ESD Protection 


MP8840 
8-Channel, Voltage Output, 2 MHz, 4 Quadrant Multiplying, 8-Bit DAC with Serial Digital Data 


Port 
e 8 Independent 4-Quadrant Multiplying 8-Bit DACs 


e High Speed: 
— Settling Time: 3.5 us to +1 LSB 
— Slew Rate: 4 V/us 
— Voltage Reference Input Bandwidth: 2.5 MHz (Vij = 100 mV p-p) 
e Low Power: 80 mW (typ) 
e DACs Matched to +0.5% (typ) 
e Midscale Preset, All DAC Outputs are Zero Volts 
e Latch-Up Free 
e Greater than 2000 V ESD Protection 
e 5 MHz Version: MP7670 


New D/A Converter Highlights 
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MP1208/9/10 


Microprocessor Compatible 
Double-Buffered, 12-Bit 
Digital-to-Analog Converter 


FEATURES 


e Lower Data Bus Feedthrough @ CS = 1 
e Stable, More Accurate Segmented DAC Approach 
e Ultra Stable 
- 0.2 ppm/°C Linearity Tempco 
—- 2ppm/°C Max Gain Error Tempco 
e Low Sensitivity to Amplifier Vos 
e Low Output Capacitance 
¢ Coyrti = 80 pF at Full Scale, Gives Fastest Settling 
Times, and Larger Stable Bandwidth capability 


GENERAL DESCRIPTION 


The MP1208/09/10 series are 12-bit Digital-to-Analog Con- 
verters with an 8/4 bit latched input interface that provide maxi- 
mum flexibility in interfacing to UP data bus. All data loading and 
data transfer operations are identical to the WRITE cycle of a 
static RAM. 


The MP1208 series use a unique circuit which significantly 
reduces transients in the supplies during DATA bus transitions 
at CS = 1. 


The MP1208 series are manufactured using advanced thin 
film resistors on a double metal CMOS process. The MP1208 
series incorporates a unique bit decoding technique yielding 
lower glitch, higher speed and excellent accuracy over tempera- 
ture and time. 12-bit linearity is achieved with minimal trimming. 
Outstanding features include: 


— Stability: Both integral and differential linearity are rated at 
0.2 ppm/°C typical, and monotonicity is guaranteed over the 
entire temperature range including the industrial (—40 to 


e Lower Glitch Energy 

e Four Quadrant Multiplication 

e All Parts guaranteed 12-Bit Monotonic 

e Low Feedthrough Error 

e Low Power Consumption 

e TTL/5 V CMOS Compatible 

e Latch-Up Free 

e —55°C to +125°C Operation 

e 8-Bit Bus Version: MP1230A/1231A/1232A 


+85°C) and military ranges. Scale factor is a low 2 ppm/°C 
maximum. 


Low Output Capacitance: Due to smaller MOSFET switch 
geometries allowed by decoding, the output capacitance at 
lout1 and loyte2 are a low 80pF / 40pF and 25pF / 65 pF for 
the conditions of full/zero scale. This is over two times less 
than the National DAC 1208 Series. Lower capacitance al- 
lows the MP1208 series to achieve faster CMOS DAC set- 
tling times; less than 1 Usec for a 10 V step to 0.01% when 
utilizing a high speed output amplifier. Larger output amplifi- 
er bandwidths are available, for a given amplifier loop gain, 
because a smaller feedback “zero” compensating capacitor 
is required to offset the smaller Iqny7 capacitance. 


Low Sensitivity to Output Amplifier Offset: 4 quadrant multi- 
plying CMOS DACs provide an output current into the virtual 
ground of an op amp. The additional linearity error incurred 
by amplifier offset is reduced by a factor of 2 in the MP1208 
series over conventional R-2R DACs, to 330LLV per millivolt 
of offset. 
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SIMPLIFIED BLOCK DIAGRAM 
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When LE = 1, Q outputs follow D inputs. DGND AGND 


When LE = 0, Q outputs are latched. 


ORDERING INFORMATION 


Gain Error 
(% FSR) 


*Contact factory for non-compliant military processing 
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PIN CONFIGURATION 


See Packaging Section for 
Package Dimensions 


DB1 
(LSB) DBO 
VREF 


Vpp 
BYTE1/BYTE2 


WR2 


DB9 
DB10 
DB11 (MSB) 


louT2 
louT1 


24 Pin CDIP, PDIP (0.600”) 


D24, N24 


M pa 10 
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PIN OUT DEFINITIONS 


oN Oa FF WO YO — 


MPO moO NYO NO FF F- | Ff S| HF He Oo —srrmdmrcrs — CO 
On + OO DOD WAN Oa FW YH + OC 


BYTEYV 
BYTE2 


ho 
oS 
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Chip Select (Active Low) 
Write1 (Active Low) 
Analog Ground 

Data Input Bit 5 

Data Input Bit 4 

Data Input Bit 3 

Data Input Bit 2 

Data Input Bit 1 

Data Input Bit 0 (LSB) 
Reference Input Voltage 
Internal Feedback Resistor 
Digital Ground 

Current Output 1 
Current Output 2 

Data Input Bit 11 (MSB) 
Data Input Bit 10 

Data Input Bit 9 

Data Input Bit 8 

Data Input Bit 7 

Data Input Bit 6 


Transfer Control Signal (Active Low) 
Write 2 (Active Low) 


Byte Sequence Control 


Positive Power Supply 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vraer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 
Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 
MP1208 
MP1209 
MP1210 


Differential Non-Linearity 
MP1208 
MP1209 
MP1210 


Gain Error +0. ; Using Internal Rep 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + [AGain/AV pp| AVpp = +5% 
Output Leakage Current 
DYNAMIC PERFORMANCE? RL=100Q, CL=13pF 


Current Settling Time Full Scale Change to 1/2 LSB 
R, = 100Q 
AC Feedthrough at lout Vrer=100kHz, 20 Vp-p, sinewave 


REFERENCE INPUT 


Input Resistance 
Vin? 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS 


Output Capacitance? 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 


POWER SUPPLY 


Functional Voltage Range® 
Supply Current ; All digital inputs = 0 V or all=5 V 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


SWITCHING 
CHARACTERISTICS2: 4 


Write and XFER Pulse Width 
Data Set-Up Time 

Data Hold Time 

Control Set-Up Time 

Control Hold Time 


NOTES: 


1 Full Scale Range (FSR) is 10V. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


or W YM 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


Wen tOGN scacecwervixediwhvinewsasainst 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND —0O.5 to Vpp +0.5 V . 

louti, lour2 to GND ........... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
yReF . NE (ies ORE RAS ARE Cee Rew seeEene as Package Power Dissipation Rating to 75°C 

AGND toDGND ................ssscssssvvevveeee VV CDIP, PDIP i.e ccesesseenververnennernecen 1150mW 
(Functionality Guaranteed +0.5 V) Derales Ab0VG 75°C waccecewectesdnwstcns 15mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

é Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3. GND refers to AGND and DGND. 
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Figure 1. Timing Diagram 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


The MP1208 series allows direct interface to microprocessor 
system buses without the need for additional interface circuitry. 
They also provide all 12 data input lines in parallel for optimum 
interface to a 16-bit data bus, but can be mapped onto an 8-bit 
bus by tying lines DBO through DB3 to lines DB8 through DB11, 
respectively. 


All digital inputs maintain TTL compatibility over the entire 
range of Vpp. The internal latches are lever-triggered, and 
therefore can be hardwired for transparent operation. The 
MP1208 series can be wired for a single layer of buffering by ty- 
ing the 12 bit DAC register transparent (ground XFER and WR2) 
or by tying the 8-bit and 4-bit latch transparent (ground CS, 
WR1, BYTE1/BYTE2 = Vpp). In non-microprocessor applica- 
tions, the MP1208 series can be wired for flow-through opera- 
tion. The analog output will continuously reflect the state of the 


Vin f J 7 7 7 f 


digital inputs by tying the 8-bit latch, 4-bit latch, and 12-bit DAC 
register transparent. 


Double-buffering provides the user with the capability of re- 
freshing simultaneously all 12 data bits to the DAC from an 8-bit 
data bus. Double-buffering also allows a single DAC or several 
DACs to be updated from the same data bus at the same time. 
This will be done asynchronously by an external monitoring de- 
vice (such as a voltage comparator) or by a system interrupt. In 
this example, tie WR2 low and use the XFER to update the 12-bit 
register. 

For a two byte load, tie BYTE1/BYTE2 and XFER together 
and WR7 and WR2 together. The first write will update the 8-bit 
inputlatch (the 4-bit latch is also changed). The second write will 
overwrite the 4-bit latch and transfer all 12 bits to the 12-bit DAC 
register, updating the D/A converter. (See Typical Application.) 
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FEATURES 


e Lower Data Bus Feedthrough @ CS = 1 
e Stable, More Accurate Segmented 
DAC Approach 
e Ultra Stable 
—- 0.2 ppm/°C Linearity Tempco 
- 2ppm/°C Max. Gain Error Tempco 
e Low Sensitivity to Amplifier Vos 
e Coyti = 80 pF at Full Scale, Gives Fastest Settling 
Times and Larger, Stable Bandwidth 


GENERAL DESCRIPTION 


The MP1230/31/32 are 12-bit Digital-to-Analog Converters 
with 8/4 bit latched inputs for direct interface to the 8-bit data bus. 
All data loading and data transfer operations are identical to the 
WRITE cycle of a static RAM. 


The MP1230 series uses a unique circuit which significantly 
reduces transients in the supplies during DATA bus transitions 
at CS= 1. 

The MP 1230 series is manufactured using advanced thin film 
resistors on a double metal CMOS process. The MP 1230 series 
incorporates a unique decoding technique yielding lower glitch, 
higher speed and excellent accuracy over temperature and 
time. 12-bit linearity is achieved with minimal trimming. Out- 
standing features include: 

— Stability: Both integral and differential linearity are rated at 
0.2 ppm/°C typical, and monotonicity is guaranteed over the 
entire temperature range including the industrial and military 
ranges. Scale factor is a low 2 ppm/°C maximum. 
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MP1230/31/32 


Microprocessor Compatible 
Double-Buffered 12-Bit 
Digital-to-Analog Converter 


e Lower Glitch Energy 

e Four Quadrant Multiplication 

e Low Feedthrough Error 

e Low Power Consumption 

e TTL/5 V CMOS Compatible 

e Latch-Up Free 

e Use MP1230A/1231A/1232A for New Designs 


Low Output Capacitance: Due to smaller MOSFET switch 
geometries allowed by decoding, the output capacitance at 
lout1 is alow 80pF / 40pF and 25pF / 65 pF at loyrto for the 
conditions of full scale/zero . This is over twice less than the 
National DAC1230 Series. Lower capacitance allows the 
MP 1230 series to achieve faster CMOS DAC settling times; 
less than 1 usec fora 10 V step to 0.01% when utilizing a high 
speed output amplifier. Larger output amplifier bandwidths 
are available for a given amplifier loop gain because a smaller 
feedback “zero” compensating capacitor is required to offset 
the smaller Ioy7 capacitance. 


Low Sensitivity to Output Amplifier Offset: 4 quadrant multi- 
plying CMOS DACs provide an output current into the virtual 
ground of an op amp. The additional linearity error incurred 
by amplifier offset is reduced by a factor of 2 in the 
MP1208/1230 series over conventional R-2R DACs, to 


330LV per millivolt of offset. 


TOM 
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SIMPLIFIED BLOCK DIAGRAM 


DB11 (MSB) (DB3) 
DB10 (DB2) 

DB9 (DB1) 

DB8 (DBO) 

DB7 


12-Bit 


12-Bit nly} 
DAC ii 


Register Converter 


eieielelelel=si we 
DODD ODODODO 


LSB 


When LE = 1, Q outputs follow D inputs. DGND AGND 


When LE = 0, Q outputs are latched. 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 


20.4 
x 20.4 
55 to +125°C # 


*Contact factory for non-compliant military processing 


—s 


y Rev.20 MF fF fF fF ff ff ff 


4-18 


T@)M 


4 EXAR _MP1230/31/32 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


Vpp cs 1°@ Vob 
BYTE1/BYTE2 WRT 2 BYTE1/BYTE2 
R2 AGND 3 WR2 
DB8 (DBO, LSB) mais 
, DB6 5 
DB9 (DB1) DBS 6 nes an 
DB10 (DB2) DB4 7 DB10 (DB2) 
DB11, MSB (DB3) VREF 8 DB11, MSB (DB3) 
lout2 Rep 9 louT2 
louT1 DGND 10 louTt 
20 Pin CDIP, PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300’’) 
D20, N20 S20 


PIN OUT DEFINITIONS 


Chip Select (Active Low) 
Write 1 (Active Low) 


— 


Analog Ground 

Data Input Bit 7 

Data Input Bit 6 

Data Input Bit 5 

Data Input Bit 4 
VREF Reference Input Voltage 
Rep Internal Feedback Resistor 
DGND Digital Ground 
louti Current Output 1 


- © ON Oa fF W DH 


— hkl 
wm — © 


lout2 Current Output 2 

DB11 (DB3) Data Input Bit 9 (MSB) 

DB10 (DB2) Current Output 10 

DB9 (DB1) Data Input Bit 9 

DB8 (DBO) Data Input Bit 8 (LSB) 
Transfer Control Signal (Active Low) 
Write 2 (Active Low) 


ae ee ee ae a es 
oO ON OO KF W 


Byte Sequence Control 


NO 
j=) 


Positive Power Supply 


TOM’ 


MP1230/31/32 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vrer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) Bits 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 
MP1230 
MP1231 
MP1232 


Differential Non-Linearity 
MP1230 
MP 1231 
MP1232 


Gain Error , Using Internal Reg 

Gain Temperature Coefficient@ + AGain/ATemperature 
Power Supply Rejection Ratio + + |AGain/AVpp| AVpp = + 5% 
Output Leakage Current 


DYNAMIC PERFORMANCE2 R, =100Q, C_=13pF 


Current Settling Time i Full Scale Change to 1/2 LSB 
AC Feedthrough at lout : Vrer=100kHz, 20Vp-p, sinewave 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS2 


Output Capacitance 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY 


Functional Voltage Range® 
Supply Current ; All digital inputs = 0 V or all=5 V 


Finn ff ff 7 Zee 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


SWITCHING 
CHARACTERISTICS2: 4 


WR, XFER Pulse Width 
Data Set-Up Time 

Data Hold Time 

CS Set-Up Time 

CS Hold Time 


NOTES: 

1 Full Scale Range (FSR) is 10V. 

2 Guaranteed but not production tested 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 See switching waveforms 

5 


Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


MGIC 6050 cweeena vases Nenu esedensessanes +17 V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND —0.5 to Vpp +0.5 V 
lout1, lour2 toGND ........... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
oer - ee ee oe “ ; Package Power Dissipation Rating to 75°C 

RFB TO CAND 2. ccc ccc eee eee errr c ccc eee ecnee + 
AGND to DGND .........0..00cccceeeeeeeeeeeeees +1V CDIP, PDIP, SOIC «0... sees eee see e eee ee eees 900mW 
(Functionality Guaranteed +0.5 V) Derates above 75°C ............. cece eee 12mW/°C 
NOTES: 
L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100,s. 

3 GND refers to AGND and DGND. 


y hev20 fF ff ff ff ff f TOM 
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SWITCHING WAVEFORMS 


VIH 


CS, BYTE1/BYTE2 50% 


VIL 


Viv 


50% 
Vit 


DATA BITS 
VIL 


DEFINITION OF CONTROL SIGNALS: 


Cs: 


WR1: 


Chip Select.(Active low) 

It will enable WRT. 

Write 1 (Active low) 

The WR is used to load the digital data bits (DB) into 
the input latch. 


BYTE1/BYTE2: Byte sequence control. 


WR2: 


The BYTE1/BYTE2 control pin is used to select both 
MSB and LSB input latches. 


Write 2 (Active low) 
It will enable XFER. 


XFER: Transfer control signal (Active low) 


This signal in combination with WR2 causes the 16-bit 
data which is available in the input latches to transfer 
to the DAC register 


DBO to DB11: Digital Inputs. 


louT1: 


VF in20 f ff 


DBO is the least significant digital input (LSB) and 
DB11 is the most significant digital input (MSB). 


DAC Current Output 1 Bus. 
louti is a maximum for a digital code of all 1’s in the 
DAC register, and is zero for all 0’s in the DAC register. 


tcs 


twrR 


tos 


louT2: 


Rep: 


VREF: 


AGND: 


DGND: 
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tcH 


50% 


50% 


tbH 


wo— 


DAC Current Output 2 Bus. 
loyt2 is a complement of lout. 


Feedback Resistor. 

This internal feedback resistor should always be used 
(not an external resistor) since it matches the resistors 
in the DAC and tracks these resistors over tempera- 
ture. 


Reference Voltage Input. 

This input connects an external precision voltage 
source to the internal DAC. The Vparr can be selected 
over the range of +25V to —25V or the analog signal for 
a 4-quadrant multiplying mode application. 


Power Supply Voltage. 

This is the power supply pin for the part. The Vpp can 
be from +5 V DC to +15 V DC, however optimum volt- 
age is +12 to +15 V DC. 


Analog Ground 
Back gate of the DAC N-channel current steering 
switches. 


Digital Ground 


TOM 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


The MP1230 series allows direct interface to microprocessor 
system buses without the need for additional interface circuitry. 
They provide 8 data input lines in parallel for optimum interface 
to a 16-bit data bus, but can be mapped onto an 8-bit bus by tying 
lines DBO through DBS to lines DB8 through DB11, respectively. 


All digital inputs maintain TTL compatibility over the entire 
range Of Vpp. The internal latches are level-triggered, and 
therefore can be hardwired for transparent operation. The 
MP 1208 series can be wired for a single layer of buffering by ty- 
ing the 12-bit DAC register transparent (ground XFER and 
WR2) or by tying the 8-bit and 4-bit latch transparent (ground 
CS, WRT, BYTE1/BYTE2 = Vpp). In non-microprocessor appli- 
cations, the MP1230 series can be wired for flow-through opera- 
tion. The analog output will continuously reflect the state of the 
digital inputs by tying the 8-bit latch, 4-bit latch, and 12-bit DAC 
register transparent. 


Double-buffering provides the user with the capability of re- 


Jia Merorcessorfus | Bus 
ae Bus 


Data WR1 WR2XFER BYTE1/ CS 
Inputs BYTE2 
DBO-DB11 


AO = 1 Load 8-Bit Input 
AO = 0 Load 4-Bit Input and 12-Bit Register 


MP1230/31/32 


freshing simultaneously all 12 data bits to the DAC from an 8-bit 
data bus. Double-buffering also allows a single DAC or several 
DACs to be updated from the same data bus at the same time. 
This will be done asynchronously by an external monitoring de- 
vice (such as a voltage comparator) or by a system interrupt. In 
this example, tie WR2 low and use the XFER to update the 12-bit 
register. 


For a two byte load, tie BYTE1/BYTE2 and XFER together 
and WR1 and WR2 together. The first write will update the 8-bit 
input latch (the 4-bit latch is also changed). The second write will 
overwrite the 4-bit latch and transfer all 12 bits to the 12-bit DAC 
register, updating the DAC. (See Typical Application.) 


Use the high order address lines for the device select (CS). 
Normally the low order address lines (AO, A1) will be decoded for 
BYTE1/BYTE2 and XFER. The XFER input can be decoded in- 
dependently (3 write loads) when independent control is de- 
sired. 


Vout 


NOTE: Voltage settling time 
to <0.01% in 1[Us. 


-15V 


Figure 1. Two Write Load / Unipolar Configuration 
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MP1230A/31A/32A 


CMOS Microprocessor Compatible 
Double-Buffered 12-Bit 
Digital-to-Analog Converter 


FEATURES 


e Superior Ruggedized 1230 Series: 2 KV ESD 
e Four Quadrant Multiplication 
e Stable, More Accurate Segmented DAC Approach 
- 0.2 ppm/°C Linearity Tempco 
—- 2ppm/°C Max Gain Error Tempco 
— Lowest Sensitivity to Amplifier Offset 
— Lowest Output Capacitance (Coyrt = 80pF) 
— Lower Glitch Energy 
e Monotonic over Temperature Range 


GENERAL DESCRIPTION 


The MP1230A series are superior pin for pin replacements 
forthe 1230 series. The MP1230A series is manufactured using 
advanced thin film resistors on a double metal CMOS process 
which promotes significant improvements in reliability, latch-up 
free performance and ESD protection. 


The MP1230A series incorporates a unique decoding tech- 
nique yielding lower glitch, higher speed and excellent accuracy 
over temperature and time. 12-bit linearity is achieved without 
trimming. Outstanding features include: 


— Stability: integral and differential linearity tempcos are rated 
at 0.2 ppm/°C typical. Monotonicity is guaranteed over all 


SIMPLIFIED BLOCK DIAGRAM 


INPUT LATCH 


DB11-DB4 
DB3-DBO 


BYTE1/BYTE2 


XFER WR2 DGND 


Vin f J J ff ff f 


e Lower Data Bus Feedthrough @ CS = 1 
e Vpp from +11 V to +16 V 

e Latch-Up Free CMOS Technology 

e 12-Bit Bus Version: MP1208/1209/1210 
e 16-Bit Upgrade: MP7636A 


temperature ranges. Scale factor tempco is a low 2 ppm/°C 


maximum. 


— Low Output Capacitance: Due to smaller MOSFET switch 


geometries allowed by decoding, the output capacitance at 
louT1 and Ioyt2 is alow 80pF / 40pF and 25pF /65 pF. This 
less than half the competitive DAC 1230 series. Lower ca- 
pacitance allows the MP1230A series to achieve settling 
times faster than 1 us fora 10 V step. 


— Low Sensitivity to Output Amplifier Offset: The linearity er- 


ror caused by amplifier offset is reduced by a factor of 2 in the 
MP1230A series over conventional R-2R DACs. 


The MP1230A series uses a circuit which reduces transients 
in the supplies caused by DATA bus transitions at CS = 1. 


DAC_LATCH Fics 


louTt 


O lout2 


AGND 


TO)M 


MP1230A/31A/32A 
ee ee 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range Part No. (LSB) (LSB) (% FSR) 


Plastic Dip | -40to+85°C | MP1230ABN +3/4 +0.4 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


Vpp 1@ Vop 
BYTE(/BYTE2 2 BYTE1/BYTE2 
WR2 3 WR2 
XFER 4 XFER 
DB8 (DBO, LSB) 5 DB8 (DBO, LSB) 
DB9 (DB1) 6 DB9 (DB1) 
DB10 (DB2) ; DB10 (DB2) 
DB11 MSB (DB3) 8 DB11 MSB (DB3) 
louT2 9 louT2 
lout 1 lout 

20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300’) 

N20 S20 


PIN OUT DEFINITIONS 


Chip Select (Active Low) louT2 Current Output 2 


Write 1 (Active Low) DB11 (DB3) Data Input Bit 11 (MSB) 
Data Input Bit 3 


DB10 (DB2) Data Input Bit 10 
Data Input Bit 7 Data Input Bit 2 


Pate snput Ei DB9(DB1) | Data input Bit 9 
Data Input Bit 5 Data Input Bit 1 


Analog Ground 


DB8 (DBO) Data Input Bit 8 
Pata Inpe Bie Data Input Bit 0 (LSB) 


mersrTehiGe Input Vanaae Transfer Control Signal (Active Low) 


Write 2 (Active Low) 


Byte Sequence Control 


Feedback Resistor 


Digital Ground 


- +- © ON OA FW DY = 


=— © 


Current Output 1 


Positive Power Supply 


Y v.20 ff f ff f y TO)M 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 15 V, VREF = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE' FSR = Full Scale Range 


CORP SRN pete oleate tates statetetatens 


Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 
MP1230ABN/ATD/ABS 
MP1231ABN/ATD/ABS 
MP1232ABN/ATD/ABS 


Differential Non-Linearity 
MP1230ABN/ATD/ABS 
MP1231ABN/ATD/ABS 
MP1232ABN/ATD/ABS 


Gain Error +0. +0. Using Internal Reg 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + |[AGain/AVppl AVpp = + 0.25V 
Output Leakage Current 
DYNAMIC PERFORMANCE2 R, =100Q, C_=13pF 


Current Settling Time : Full Scale Change to 1/2 LSB 
AC Feedthrough at lout ‘ Vrer=100kHz, 20Vp-p, sinewave 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance 


ANALOG OUTPUTS?2 


Output Capacitance 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY 


Functional Voltage Range“ 
Supply Current i All digital inputs = 0 V or all=5 V 


Fy Rev20 fF fF fF Ff ff / TOYM 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


=A is Tmin to Tmax 
a Symbol i Max Test __ eat GondilionsComments | 


SWITCHING 
CHARACTERISTICS?2: 3 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width, 


NOTES: 


L Full Scale Range (FSR) is 10V. 

2 Guaranteed but not production tested. 

3 See timing diagram. 

4 Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


Vpp GND ccccscaaeres canes ensanees can ebheneea +17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage toGND .... GND-—0.5 to Vpp +0.5 V 

louti: lout2 to GND ...........00005 GND -0.5 to +6.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
Weer lIOGD cyc. ceeds cep ensceea de anwen ya ceases +25 V Package Power Dissipation Rating to 75°C 

Vi OUI boda dec kdearerneeds ee beeousieduaws ct +25 V 

AGND to 'DGND 22000 009 o5546ensbvyeenieews ins +1V CDIP, PDIP, SOIC .... 0... 900mW 
(Functionality Guaranteed +0.5 V) - Derates above 75°C ............ 00. e eee 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
Selb erd nutes the supplies of less than 100mA for less than 100us. 
3 GND refers to AGND and DGND. 


F Rev20 fF fF ff Ff Ff f TOM 
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TIMING DIAGRAM 


ViH 
CS, BYTE1/BYTE2 50% 
VIL 
VIH 
WR 
ViL 
ViH 
DATA BITS 
VIL 
lout1, lout2 


DEFINITION OF CONTROL SIGNALS: 


Cs: 


WRY1: 


Chip Select.(Active low) 

It will enable WRT. 

Write 1 (Active low) 

The WRT is used to load the digital data bits (DB) into 
the input latch. 


BYTE1/BYTE2: Byte sequence control. 


WR2: 


The BYTE1/BYTE2 control pin is used to select both 
MSB and LSB input latches. 


Write 2 (Active low) 
It will enable XFER. 


Transfer control signal (Active low) 

This signal in combination with WR2 causes the 16-bit 
data which is available in the input latches to transfer 
to the DAC register 


DBO to DB11: Digital Inputs. 


lout: 


DBO is the least significant digital input (LSB) and 
DB11 is the most significant digital input (MSB). 


DAC Current Output 1 Bus. 
lout1 is a maximum for a digital code of all 1’s in the 
DAC register, and is zero for all 0’s in the DAC register. 


tcs 


50% 


louT2: 


Rep: 


VREF: 


Vpp: 


AGND: 


DGND: 
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tcH 
50% 
twr 
50% 
tos 
tbH 


SETTLED TO 
+0.01% 


DAC Current Output 2 Bus. 
louT2 is a complement of loyTj. 


Feedback Resistor. 

This internal feedback resistor should always be used 
(not an external resistor) since it matches the resistors 
in the DAC and tracks these resistors over tempera- 
ture. 


Reference Voltage Input. 

This input connects an external precision voltage 
source to the internal DAC. The Vp_er can be selected 
over the range of +25V to —25V or the analog signal for 
a 4-quadrant multiplying mode application. 


Power Supply Voltage. 

This is the power supply pin for the part. The Vpp can 
be from +5 V DC to +15 V DC, however optimum volt- 
age is +12 to +15 V DC. 


Analog Ground 
Back gate of the DAC N-channel current steering 
switches. 


Digital Ground 


TOM 
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THEORY OF OPERATION 


DB11 (MSB) (DB3) 
DB10 (DB2) 

DB9 (DB1) 

DB8 (DBO) 

DB7 

DB6 


DB5 
DB4 


BYTE1/BYTE2 
cs 

WR1 

XFER 


WR2 


When LE = 1, Q Outputs Follow D Inputs 
When LE = 0, Q Outputs are Latched 


4 4fZf 


12-Bit 
Multiplying 
D/A 


Converter 


DGND AGND 


Figure 1. Functional Diagram 


Digital Interface 


Figure 1. shows the internal control logic that controls the 
writing of the input latches. It is easy to understand how the 
MP1230A/31A/32A works by understanding each basic opera- 
tion. 


Writing to Input Latches 


The condition BYTE1/BYTE2= high, CS = WR7 =O loads the 
data bus DB11-DB4 into both input latches. 

A second cycle with BYTE1/BYTE2 = low (Figure 2.) loads 
the pins DB11-DB8 (DB3-DB0) into the 4-bit input latch. 

Timing diagrams show the inputs CS and DB11-DB0 to be 
stable during the entire writing cycle. In reality all the above sig- 
nals can change (Figure 2.) as long as they meet the timing con- 
ditions specified in the Electrical Characteristic Table. 


—_ | 
| 


Figure 2. Write Cycles to Input Latches 
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Transferring Data to the DAC Latches 


Once one or all the input latches have been loaded, the condi- 
tion XFER= WR2= low transfers the content of the input latches 
inthe DAC latch. The outputs of the DAC latch change and the 
DAC current (Ioyrt) will reach a new stable value within the set- 
tling time ts (Figure 3.). 


Figure 3. Transfer Cycles from 
input Latches to DAC Latches 
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PERFORMANCE CHARACTERISTICS 


vi u I 


ov 


We mh it 
silaaah 
— at 


Relative Accuracy (LSB) 


~ 0 512 1024 1536 2048 2560 93072 3584 4096 
Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


‘TOM 
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MP7226 


BiCMOS 


Fixed, Quad, Voltage Output, Single or Dual 


Supply 8- 


FEATURES APPLICATIONS 


e MPS Pioneered Segmented DAC Approach ® 
e Four 8-Bit DACs with Buffer Amplifiers e 
e Bipolar Amplifier Inputs for Low Noise and Drift e 
e Operates with Single or Dual Supplies 


Function Generators 
Automatic Test Equipment 
Process Controls 


e uP Compatible (95ns WR) BENEFITS 


e No External Adjustments Required e 


e Power-on-Reset Function 2 
e Specified for 5 to 15 V Operation 

e ESD Protection: 2000 Volts Minimum . 
e Latch-Up Proof ‘ 


e Octal Available: MP7228 o 


GENERAL DESCRIPTION 


The MP7226 contains four 8-bit voltage-output Digital-to- 
Analog Converters, with BiCMOS output buffer amplifiers and 
interface logic on a monolithic chip. Separate on-chip latches 
are provided for each of the four D/A converters. The control 
logic is speed compatible with most 8-bit microprocessors. All 
digital inputs are TTL/CMOS(5V) compatible. 


SIMPLIFIED BLOCK DIAGRAM 


CONTROL 
LOGIC 


Reduced Board Space; Lower System Cost 

Reduced System Errors due to Excellent DAC-to-DAC 
Matching and Tracking 

Easy to Design with Microprocessors 

Stable, High Reliability through Advanced Processing 
Lower 1/f Noise Increases Useful Dynamic Range 


The MP7226 is manufactured using advanced thin film resis- 
tors on a double metal BICMOS process. The MP7226 incorpo- 
rates a unique bit decoding technique yielding lower glitch, 
higher speed and excellent accuracy over temperature and 
time. The MP7226 maintains 8-Bit accuracy over the full operat- 


ing temperature range without laser trim or external adjust- 
ments. 


VouT1 


VouT2 


VouT3 


Vout4 


TOM 
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ORDERING INFORMATION 


*Contact factory for availability. 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


VouT2 VouT3 ie 
VouTt VouT4 2 
Vss Vpp 3 
VREF AO 4 See 
AGND Al 5 Pin Out 
DGND WR P at Left 
DB7 (MSB) DBO (LSB) : 
DB6 DB1 , 
DB5 DB2 3 
DB4 DB3 i 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) 20 Pin PLCC 
N20 $20 P20 


PIN OUT DEFINITIONS 


1 


oO DA N OO a fF WB ND 


— 
ie) 


DESCRIPTION 


DAC 2 Voltage Output Data Input Bit 3 

DAC 1 Voltage Output Data Input Bit 2 

Negative Power Supply (0 V to —-5 V) Data Input Bit 1 

Reference Input Voltage Data Input Bit 0 (LSB) 

Analog Ground WR Write (Active Low) 

Digital Ground DAC Address Bit 1 

Data Input Bit 7 (MSB) DAC Address Bit 0 

Data Input Bit 6 Positive Power Supply (+5 to +15 V) 
Data Input Bit 5 DAC 4 Voltage Output 


Data Input Bit 4 DAC 3 Voltage Output 
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ELECTRICAL CHARACTERISTICS 
Single or Dual Supply Operation (Vpp = +10.8 V to 16.5 V, Vss = 0 V or -—5 V +10%, AGND = 0 V, 
DGND = OV, Vrer = +2 V to +10 V, Ry = 2kQ, C; = 100pF unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Se | Max Min heat a Test ee ee 


STATIC PERFORMANCE 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
K 
L 


Differential Non-Linearity 
K 
L 


Total Unadjusted Error 
K 
LL 


Full Scale Error 
K 
L 


Zero Code Error 
K 
L 


Output Load Resistance 
DYNAMIC PERFORMANCE‘4 


Voltage Output Slew Rate 
Voltage Output Settling Time 


Digital Feedthrough 


Digital Crosstalk® 


REFERENCE INPUT 


Reference Input Range! 
Reference Input Resistance 
Reference Input Capacitance* 


AC Feedthrough 


DIGITAL INPUTS 


Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance* 
Input Coding 


End Point Linearity Spec 


All grades monotonic over full 
temperature range. 


Vpop = 15 V 410%, Vraer = +10 V 


Vrer =+10 V typ. Tempco is 
5 ppm/°C 


TA = 25°C typ. Tempco is 
30uV/°C 


VouT = +10 V 


Vrer = +10 V; Settling Time to 
+1/2 LSB 

Code transition all Os to all 1s 
Vrer = 0 V, WR= Vpp 

Code transition all Os to all 1s 
VreF = +10 V, WR=0V 


Limitation: Vpaer — Vss <11V 
Min Rix at Code 14946 

Occurs when all DACs are loaded 
with all 1s 

Vrer = 10 kHz, 5 V p-p sinewave 


Vin =0VorVpp 


Binary 


MP7226 
eee 


ELECTRICAL CHARACTERISTICS (CONT’D) 


Tmin to Tmax 
Parameter Min Max 


POWER SUPPLY 


Vpp Range 10.8 16.5 For specified performance 
Vsgs Range (Dual Supplies)® 0 —5.5 For specified performance 
14 Outputs unloaded; 
ViN=VINL OF ViNH 

Outputs unloaded; 
Vin=ViNc OF ViNH 


Ipp 


Isg (Dual Supplies) 12 


SWITCHING 
CHARACTERISTICS% ©: 7 


Address to WR Setup Time, t1 
Address to WR Hold Time, t2 
Data Valid to WR Setup Time, t3 
Data Valid to WR Hold Time, t4 
WR Pulse Width, t5 


NOTES: 

1 Vout must be less than Vpp by 3.5 V to ensure correct operation. 

Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. 

Calculated after zero code error has been adjusted out. 

Sample tested at 25°C to ensure compliance. 

The glitch impulse transferred to the output of one converter (not adjusted) due to a change in the digital input code to another 
addressed converter. 

6 All input rise and fall times are measured from 10% to 90% of +5 V, tg = te = 5 ns. 

. Timing measurement reference level is (Viny + Vinc)/2. 


a f& WwW NY 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
Single & Dual +5 V Supply Operation (Vpp = +5 V +5%, Vss = 0 V to-5 V +10%, Vper = +1.25 V, 
AGND =0 V, DGND=OV, R, = 2kQ, C; = 100pF unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
K 
L 


Differential Non-Linearity 
K 
L 


Total Unadjusted Error@ 


Full Scale Error? 
K 
E 


Zero Code Error 
Output Load Resistance 
DYNAMIC PERFORMANCE4 


Voltage Output Slew Rate 
Voltage Output Settling Time 


Digital Feedthrough 


Digital Crosstalk® 


REFERENCE INPUT 


Reference Input Range 
Reference Input Resistance 
Reference Input Capacitance* 


AC Feedthrough 


DIGITAL INPUTS 


Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance 
Input Coding 


y Fev.20 ff ff ff ff 


End Point Linearity Spec 


All grades monotonic over full 
temperature range. 


Vop = 5 V 5%, Veer = 1.25 V 


VREF =+1.25V 


Vout =+10V 


Vrer = +1.25 V; Settling Time to 
ti/2 LSB 

Code transition all Os to all 1s 
Vrer = 0 V, WR= Vpp 

Code transition all Os to all 1s 
Vref = +1.25 V, WR=0V 


Vout Must be < Vpp by 3.2V 
Occurs when all DACs are loaded 


with all 1s 
Vrer= 10 kHz, 1/2 V p-p sinewave 


Vin =90 Vor Vpp 


Binary 


TOM 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


iy Tmin to Tmax 
ee ee Bit scale Lee ee Max Test ee ee] 


POWER SUPPLY 
5. °° V 
mA 


For specified performance 
Outputs unloaded; 
Vin=Vine OF VinH 

Outputs unloaded; 
Vin=Vine OF VinH 


Vpp Range 
IDp 


Isg (Dual Supplies) 


SWITCHING 
CHARACTERISTICS%: 5: 7 


Address to WR Setup Time, t1 
Address to WR Hold Time, t2 
Data Valid to WR Setup Time, t3 
Data Valid to WR Hold Time, t4 
WR Pulse Width, t5 


NOTES: 

1 Vout must be less than Vpp by 3.5 V to ensure correct operation. 

e Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. 
3 Calculated after zero code error has been adjusted out. 

4 Sample tested at 25°C to ensure compliance. 

5 


The glitch impulse transferred to the output of one converter (not adjusted) due to a change in the digital input code to another 


addressed converter. 
6 All input rise and fall times are measured from 10% to 90% of +5 V, tk = te = 5 ns. 
7 Timing measurement reference level is (Viny + Vinc)/2. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)!: 2 


Vop te AGND, DGND a nwcsseesacacensewsnes 0 to+17V Storage Temperature ............05eee —65°C to +150°C 
Digital Input Voltage toDGND........ —0.5 to Vpp +0.5 V Lead T; 

t Soldering, 10 seconds) ...... : 
Vrer to AGND, DGND ............-. 0.5 to Vpp +0.5 V 8S Teen pele ie Ole DN, 1 Sealey — 
Vsgg to AGND, DGND .............0.00 005. +0.5 to-7 V Package Power Dissipation Rating to 75°C 
AGND to DGND ........ ccc ccc ccccccccccecccceceee 41V POIP, SOIC, PLCS savnviswwacnteeenevanens 900mW 
(Functionality Guaranteed +0.5 V) Derates above 75°C was. cscwwewcevuneens 12mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


y_ Rov.200 ff 4 ff ff f TOYM 
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D/A CONVERTER SECTION 


The MP7226 contains four matched, 8-bit, voltage-mode Dig- 
ital-to-Analog Converters (DACs) which incorporate an MPS 
pioneered unique bit decoding technique. This decoding 
scheme reduces the maximum binary weight carried by any re- 
sistor switch, reducing the accuracy required of the switches 
and resistor network. 

In the MP7226, the first three MSBs are decoded into three 
equal current sources, each contributing 25% of the full scale 
output current. 


2 to 3 Decoder 
| 
Switch Drivers 


Shown for all 1s on DAC 


g 
converter’s three decoded current sources affects the output by 
no more than 0.25% of full scale, compared with 0.5% in a con- 
ventional R-2R type CMOS DAC. 


The output voltages have the same polarity as the reference 
voltage, allowing single supply operation. The voltage refer- 
ence range is from +2V to +10V. Each DAC uses a highly-stable, 
thin-film, ladder network and high-speed NMOS switches. 
Figure 1. shows a simplified circuit diagram for one channel. 


Vout 


Figure 1. Simplified D/A Circuit Diagram 


Vref Input 


The Vrer and AGND are common to all four DACs and set 
the full-scale output. The input impedance of the Vpr_r pin is the 
parallel combination of the four individual DAC reference imped- 
ances and is code dependent. This impedance varies from 2kQ 
to 500kQ. Therefore, it is very important that the external refer- 
ence source output impedance is low enough so that its output 
voltage will not be affected by the varying digital code. Due to 
transient currents at the Vref input during digital code changes, 
a 0.1,.F or greater decoupling capacitor on that Vr_r input is 
recommended. The input capacitance at the Vp_r pin is also 
code dependent and typically varies from less than 120pF to 
350pF. 


Each Vout voltage can be represented by a digitally pro- 
grammable voltage source using the following expression : 


Vout = Dn X Vper/256 


where Dn is the decimal equivalent to the digital input code 
and can vary from 0 to 255. 


Vin. ff J ff f 7 f 
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Output Buffer Amp 


Each D/A converter output is buffered by a unity gain nonin- 
verting BICMOS amplifier which has slew rate greater than 2 V/ 
us . The output buffer settles to +1/2 LSB in less than 4us when 
driving aload of 2kQ in parallel with 100pF with a full scale transi- 
tion from OV to +10V or from +10V to OV . The buffers can drive 
2kQ and 500pF to 10V levels without oscillation. 


A simplified circuit diagram of the output buffer is shown in 
Figure 2. The Input stage is provided by BICMOS PNP transis- 
tors with resulting lower input offset voltage, offset voltage drift 
over time and noise when compared to MOS process .. The am- 
plifier output stage uses a substrate NPN bipolar device to pro- 
vide a low output impedance, high-output current capability. 


The MP7226 is specified for single or dual power supply op- 
eration, with only the buffer amplifier outputs using Vss supply 
current. Operating the MP7226 from dual supplies will improve 
the negative going output settling time near ground. In dual sup- 
ply voltage operation , the output amplifier can sink 500uA when 
Vout = 0 V. 


TOM 


MP7226 
ee rl eS a 


Vpp 
VIN 
Output 
AGND Vss 


Figure 2. Simplified Output Buffer Amplifiers 


The amplifiers outputs may be shorted to ground. However, 
the power dissipation of the package should not exceed the 
maximum limit. 


Digital Inputs 


All of the digital inputs to this DAC maintain TTL level inter- 
face compatibility and can also be driven directly with 5V CMOS 
logic inputs. The digital inputs are ESD protected to a rating of 
2000 volts. 


Digital Interface Logic 


The MP7226 allows direct interface to most microprocessor 
buses without additional interface circuitry. 


Figure 3. shows the input control logic circuit diagram and 
Table 1. shows the control logic truth table and operation for 
WR, A1, AO. The address lines AO, and At determine which 
DAC will accept the input data. The WR input determines 
whether the selected DAC is transparent (output follows the in- 
put), latched, or no operation. The WR input will also inhibit 
power on reset of the DAC latches to 0, ifits initial state = 0 after 5 
us of power. 


Figure 4. shows the write cycle timing diagram. When the WR 
signal is low, the input latch of the selected DAC is transparent, 
and the DAC’s output corresponds to the value present on the 
data bus. On some data buses, data is not always valid for the 
entire period that the WR signal is low and can cause unwanted 
data at the output. Ensuring that the write pulse (WR) conforms 
to the data hold time, (t4) spec will prevent this problem. 


To DAC1 Latch Enable 


AO To DAC2 Latch Enable 


1 of 4 


Decoder Ram 
ial 


To DAC3 Latch Enable 


Al 
To DAC4 Latch Enable 


No Operation; 


Device Not Selected 
DAC 1 Transparent 


DAC 1 Latched 

DAC 2 Transparent 
DAC 3 Transparent 
DAC 4 Transparent 


Table 1. Truth Table 


t t 
ee iy 


G—- 
i] ' 5 V 
— — OV 
<— twr — 

WR a Ca ar 5V 
OV 

< tse <= toy 
‘ 5V 
cr OV 

NOTE: When the WR signal is low, the input latch of the se- 


lected DAC is transparent and any invalid data at this time will 
Cause erroneous output. 


Figure 4. Write Cycle Timing Diagram 
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APPLICATIONS INFORMATION 


Power On Reset 


At power up, all inputs are reset to 0 Vif WR=1. ForWR=0, 
the addressed DAC will receive input data. 


Power Supply 


The MP7226 can operate with either a single or dual power 
supply. Improved zero-code settling error can be obtained by 
using dual power supplies. The dual power supply specifica- 
tions are a positive supply (Vpp) range of +10.5V to +16.5V, and 
a—5V supply (Vss) . The single power supply specifications are 
a positive supply (Vpp) range of +10.5V to +16.5V, or range of 
+4.75V to 5.5V . The specified reference voltage (Vref) range 
under these conditions is from +2V to Vpp —4V. For those appli- 
cations requiring +10V at the output (Vaer = +10V), Vpp must 
be +14V minimum to meet data sheet limits . 8-bit performance 
is guaranteed for single supply operation (Vss = OV); however, 
zero code output sink capability is improved with Vsg=—5V. For 
adequate DAC and Buffer operation, Vaer must always be be- 
low Vpp by at least 3.5V. 


Power Supply Decoupling 


The Power Supplies used with the MP7226 should be well 
regulated and filtered. Local power supply decoupling consist- 
ing of a 10uF tantalum capacitor in parallel with a 0.01pF ce- 
ramic is recommended. The decoupling capacitors should be 
connected between the Vpp and AGND, and between Vss and 
AGND if Vss = —5V. 


Unipolar Output Operation 


In this configuration, the reference voltage is the same polar- 
ity as the output voltage. Since the reference voltage must al- 
ways be positive with respect to GND, the output can only be 0 or 
positive. 

Table 2. shows the code relationship for the part in unipolar 
operation 


Vin20f J J ff f / 
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ta 2.774449 


10000001 + Veer (552) 
+ View G2 = + 


256 
+ Veer G22) 


+ Vecr (sez) 


Ver 


10000000 5 


01111141 1 
00000001 


00000000 OV 


Note :1 LSB = (2~°) (Veer) = sag (Vcr) 


Table 2. Unipolar Code Table 


177040079 


10000001 


10000000 


01111111 


00000001 


00000000 


Table 3. Bipolar Code Table 


TOM 
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Bipolar Binary Operation 


The Bipolar Mode configuration for each DAC requires one 
external op-amp and two resistors per channel. 


Figure 5. shows a typical Bipolar Operation circuit using the 
VouT MP7226. Table 3. shows the code relationship for the circuit of 
Figure 5. assuming R1 = R2. 


AC Reference Signal 


An AC signal can be applied to the reference of the MP7226 
for multiplying capability within the upper (+10V) and lower 
Vout = Dn X Veer X (14R2/R1) — Var X R2/R 1 (+2V) limits of the reference voltage input, with either single or 
if R1=R2 dual supplies . This signal must be level shifted or AC coupled 
Vout = Vrer X (2D, — 1) with proper bias level before being applied to the reference in- 
Where: Dy} the aligital Input code and: ean wary tom i to2e5 put. Figure 6. shows techniques for applying an AC signal to the 

MP7226. Since all four DACs share acommon reference, they 
Figure 5. Bipolar Output Circuit will all share this AC modulated reference. Input frequencies up 
to 50kHz will typically be distorted less than 0.1% . 


Vss AGND 


+4V 


AC 
Reference 
Input 


DCorrset = Vpp (+15) X R2/R1+R2 


AGND 


Vss 
—5 V or GND 


Figure 6. AC Reference Input Signal Circuit (AC Couple) 


y Rev.200 ff fF ff ff f TO)M 
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Vout = Dn X Vrer + VoFFSET 


VouT where D,j is the digital input code 
and can vary 0 to 255 
Vout = Dni X Vrer + Dna X VRer 
Vout where D,j is the digital input code and 


can vary 0 to 255 


Figure 7. Digitally Programmable Offset Adjustment Circuits 


R R 
DAC ‘ 
Output 
R 
VOFFSET 
R R 
DAC R 
Output1 
DAC R 
Output2 
AC 
Reference 
Input 


or DC Voltage 


AGND 


Vss 
—5 V or GND 


Figure 8. Digitally Programmable 
AC Reference Input Signal Circuit (DC Couple) 


Offsetting DAC Outputs 


Figure 7. shows examples of offset circuits. 


DAC offset effects 


When using the device in single supply applications, and 
minimum reference voltage, there is a possibility that the DAC 
output will not change when the code is incremented from 0. 
Once the DAC has reached the offset voltage of the output 
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buffer, the DAC output will begin to incrementin anormal opera- 
tion. 


5V Operation 


The MP7226 can be operated with a single power supply 
(Vpbp = +5V) or dual power supplies ( Vpp = +5V and Vss = 
—5V) . The reference voltage range is reduced along with Some 
performance parameter degradation. However the DNL of each 
DAC remains at +1 LSB guaranteeing monotonicity. 


TOM 


MP7226 
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PERFORMANCE CHARACTERISTICS 


vVOD=15V 


VSS = -6V 


oO 
73) 
=F 
> 
—_ oO 
fe w 
~— re 0) aay . A 
B < pW AW WANN) AW 4 
g -0.2 
ic 
a -0.4 


VDD= +15¥V 


VSS= -5V 


0.8 
15 320 64—(<ié‘éi@“:“‘éimwB!OCdO IG 88K OSG 
TEMPERATURE’ C Digital Code 
Graph 1. Power Supply Current Graph 2. Relative Accuracy 
vs. Temperature vs. Digital Code 
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FEATURES APPLICATIONS 


e MPS Pioneered Segmented DAC Approach ® 
e Eight 8-Bit DACs with Buffer Amplifiers © 
e Bipolar Amplifier Inputs for Low Noise and Drift « 
e Operates with Single or Dual Supplies 


MP7228 


BiCMOS 


Fixed, Octal, Voltage Output, Single or Dual 


Supply, 8-Bit Digital-to-Analog Converter 


Function Generators 
Automatic Test Equipment 
Process Controls 


e uP Compatible (95ns WR) BENEFITS 


e No External Adjustments Required P 
e Power-on-Reset Function P 
e Specified for 5 to 15 V Operation 

e ESD Protection: 2000 Volts Minimum ‘ 
e Latch-Up Proof a 
e Quad Available: MP7226 = 


GENERAL DESCRIPTION 


The MP7228 contains eight 8-bit voltage-output Digital-to- 
Analog Converters, with BiCMOS output buffer amplifiers and 
interface logic on a monolithic chip. Separate on-chip latches 
are provided for each of the eight D/A converters. The control 
logic is speed compatible with most 8-bit microprocessors. All 
digital inputs are TTL/CMOS(5V) compatible. 


SIMPLIFIED BLOCK DIAGRAM 


| LATCH 1 


D 
A 
Yr 
A 
) 
U 
S 


ONCWriAYO 


Reduced Board Space; Lower System Cost 

Reduced System Errors due to Excellent DAC-to-DAC 
Matching and Tracking 

Easy to Design with Microprocessors 

Stable, High Reliability through Advanced Processing 
Lower 1/f Noise Increases Useful Dynamic Range 


The MP7228 is manufactured using EXAR’s advanced thin 
film resistors on a double metal BiCMOS process. The MP7228 
incorporates a unique bit decoding technique yielding lower 
glitch, higher speed and excellent accuracy over temperature 
andtime. The MP7228 maintains 8-Bit accuracy over the full op- 
erating temperature range without laser trim or external adjust- 
ments. 


VoutT1 
VouTz2 
VoutTs 
Vout4 
VouTs 
VoutTé 
Vout7 


VouTs 
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ORDERING INFORMATION 


Package Temperature INL DNL Full Scale Error 
Type Range (LSB) (LSB) (LSB) 
1 


Plastic Dip | —40 to +85° mp7228KN | 1 | +1/2 
ce) 
° 
oO 
fe) 
fe} 


C 1 
C 


*Contact factory for availability. 


Vout7 Vpp AQ A2 
PIN CONFIGURATIONS See Packaging Section for Package Dimensions Voute N/C At 


AO 1 
fe ; Voute WR 
A2 3 VoutTs DBO 
WR 4 See Pin VouT4 DB1 
DBO (LSB) Sree NIC N/C 
DB1 6 Descriptions 
DB2 VouTs DB2 
DB3 VouT2 DB3 
DB4 VouTt DB4 
DB5 
DB6 
DB7 (MSB) Vsgs GND DB7 DB5 
Veer N/C DBE 
24 Pin CDIP, PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300”) 28 Pin PLCC 
DN24, NN24 S24 P28 


PIN OUT DEFINITIONS 


N/C No Connection No Connection 

Vop Positive Power Supply (+5V to +15V) Data Input Bit 7 (MSB) 
VoutTs DAC 8 Voltage Output Data Input Bit 6 
Vout7 DAC 7 Voltage Output Data Input Bit 5 
Vouts DAC 6 Voltage Output Data Input Bit 4 
Vouts DAC 5 Voltage Output Data Input Bit 3 
Vout4 DAC 4 Voltage Output Data Input Bit 2 

N/C No Connection No Connection 
VouT3 DAC 3 Voltage Output Data Input Bit 1 
VouT2 DAC 2 Voltage Output Data Input Bit 0 (LSB) 
VoutTt DAC 1 Voltage Output WR Write (Active Low) 
Vss Negative Power Supply (OV to —5V) DAC address Bit 2 
VREF Reference Input Voltage DAC address Bit 1 
GND Ground DAC address Bit 0 


V2.0 ff ff ff ff 


ON Oa WN — 
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ELECTRICAL CHARACTERISTICS 
Single or Dual Supply Operation (Vpp = +10.8 V to 16.5 V, Vss = 0 V or-—5 V +10%, GND = 0 
V, Veer = +2 V to +10 V, Ry = 2kQ, C; = 100pF unless otherwise noted) 


pilin Tmin to Tmax 
eee ee ee cacecermmnnmticcmnanemines AOL Min Leen Test Conditions/Comments 


STATIC  STATICPERFORMANCE 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
KA, 7 
L, U 


Differential Non-Linearity 
K, T 
LU 


Total Unadjusted Error@ 
K, T 
L,U 


Full Scale Error? 
K, T 
L,U 


Zero Code Error 
K, T 
L,U 
Output Load Resistance 


DYNAMIC PERFORMANCE* 


Voltage Output Slew Rate 
Voltage Output Settling Time 


Digital Feedthrough 


Digital Crosstalk® 


REFERENCE INPUT 


Reference Input Range! 
Reference Input Resistance 
Reference Input Capacitance‘ 


AC Feedthrough 


DIGITAL INPUTS 


Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance* 
Input Coding 


y fev20 f ff ff ff ff 
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End Point Linearity Spec 


All grades monotonic over full 
temperature range. 


Vop = 15 V +10%, Vref = +10 V 


Vref = +10 V typ. Tempco is 
5 ppm/°C 


TA = 25°C typ. Tempco is 
10unV/°C 


Vout = +10 V 


Vref = +10 V; Settling Time to 
+1/2 LSB 

Code transition all Os to all 1s 
Vrer = 0 V, WR = Vpp 

Code transition all Os to all 1s 
Vrer =+10 V, WR=0V 


*Limitation: VREF - Vss <11V 
Min Rix at code 14949 

Occurs when all DACS are loaded 
with all 1s 

Vref = 10 kHz, 5 V p-p sinewave 


Vin = 0 V or Vpp 


Binary 


MP7228 
ee 


ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


POWER SUPPLY 


Vpp Range 10.8 16.5 For specified performance 

Vg Range (Dual Supplies)® ; 0 —5.5 For specified performance 

Ipp 20 Outputs unloaded; 
Vin=Vint OF ViNH 


lsg (Dual Supplies) Outputs unloaded; 


TA = 25°C Vin=VINL OF ViNH 


SWITCHING 
CHARACTERISTICS%: 6 7 


Address to WR Setup Time 
Address to WR Hold Time 
Data Valid to WR Setup Time 
Data Valid to WR Hold Time 
WR Pulse Width 


NOTES: 

Vout must be less than Vpp by 3.5 V to ensure correct operation. 

Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. 

Calculated after zero code error has been adjusted out. 

Sample tested at 25°C to ensure compliance. 

The glitch impulse transferred to the output of one converter (not adjusted) due to a change in the digital input code to another 
addressed converter. 

6 All input rise and fall times are measured from 10% to 90% of +5 V, tg = te = 5 ns. 

7 Timing measurement reference level is (Viny + Vin-)/2. 


a rh won — 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
Single & Dual --5 V Supply Operation (Vpp = +5 V +5%, Vss = 0 V to -5 V +10%, Vref = +1.25 V, 
Ry = 2kQ, C, = 100pF, GND = 0 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
K, T 
L,U 


Differential Non-Linearity 
KT 
L,U 


Total Unadjusted Error@ 


Full Scale Error? 
K, T 
L,U 
Zero Code Error 
Output Load Resistance 


DYNAMIC PERFORMANCE“ 


Voltage Output Slew Rate 
Voltage Output Settling Time 


Digital Feedthrough 


Digital Crosstalk® 


REFERENCE INPUT 


Reference Input Range 
Reference Input Resistance 
Reference Input Capacitance* 


AC Feedthrough 


DIGITAL INPUTS 


Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance* 
Input Coding 


y Rev.20 fF fF Ff Ff ff 


End Point Linearity Spec 


All grades monotonic over full 
temperature range. 


Vpp = 5 V £5%, Vrer = 1.25 V 


VREF =+1.25V 


VouT = +10 V 


R,.=1009, C.=13pF 


Vref = +1.25 V; Settling Time to 
+1/2 LSB 

Code transition all Os to all 1s 
Vrer = 0 V, WR= Vpp 

Code transition all Os to all 1s 
Vref =+1.25 V, WR=0V 


Vout must be < Vpp by 3.2V 

Min Rjy at code 14946 

Occurs when all DACs are loaded 
with all 1s 

Vref = 10 kHz, 1/2 V p-p sinewave 


VIN = 0VorVpp 


Binary 


TOM’ 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


POWER SUPPLY 


Vpp Range 4.75 For specified performance 
Outputs unloaded; 
Vin=Vine OF VinH 


Isg (Dual Supplies) Outputs unloaded; 
Vin=Vinc OF VinH 


Ipp 


SWITCHING 
CHARACTERISTICS#%: & 7 


Address to WR Setup Time 
Address to WR Hold Time 
Data Valid to WR Setup Time 
Data Valid to WR Hold Time 
WR Pulse Width 


NOTES: 

Vout must be less than Vpp by 3.5 V to ensure correct operation. 

Total Unadjusted Error includes zero code error, relative accuracy and full-scale error. 

Calculated after zero code error has been adjusted out. 

Sample tested at 25°C to ensure compliance. 

The glitch impulse transferred to the output of one converter (not adjusted) due to a change in the digital input code to another 
addressed converter. 

6 All input rise and fall times are measured from 10% to 90% of +5 V, tk = te = 5 ns. 

7 Timing measurement reference level is (Vinny + Vinc)/2. 


a rk wWDpP — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


Wie GN) yiacntauseanevoersss oe ceeenass 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage toGND ......... ~0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... #300°C 
y GND y Package Power Dissipation Rating to 75°C 

REF tO GND ........ 60s cess sees, 0.5 to Vpp +0.5 V CDIP, PDIP, PLCC, SOIC ...............0. 1050mW 
Wee tOtGN oéaunnvacestovdsoa¢uenebaedess +0.5 to-7 V Derates above 75°C ................0005 14mW/°C 
NOTES: 
1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 
2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100us. 
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D/A CONVERTER SECTION 


The MP7228 contains eight matched, 8-bit, voltage-mode 
digital-to-analog converters (DACs) which incorporate an MPS 
pioneered unique bit decoding technique. This decoding 
scheme reduces the maximum binary weight carried by any re- 
sistor switch, reducing the accuracy required of the switches 
and resistor network. 

In the MP7228, the first three MSBs are decoded into three 
equal current sources, each contributing 25% of the full scale 
output current. 


ff 4 f 


MP7228 


Decoding two bits to three, a 1% change in any one of the 
converter’s three decoded current sources affects the output by 
no more than 0.25% of full scale, compared with 0.5% in a con- 
ventional R-2R type CMOS DAC. 


The output voltages have the same polarity as the reference 
voltage, allowing single supply operation. The voltage refer- 
ence range is from +2V to +10V. Each DAC uses a highly-stable, 
thin-film, ladder network and high-speed NMOS switches. 
Figure 1. shows a simplified circuit diagram for one channel. 


Vout 


as 
Switch Drivers 


Shown for all 1s on DAC 


Figure 1. Simplified D/A Circuit Diagram 


Vref Input 


The Vraer and GND are common to all eight DACs and set the 
full-scale output. The input impedance of the Vp_r pin is the par- 
allel combination of the eight individual DAC reference imped- 
ances and is code dependent. This impedance varies from 2kQ 
to 500kQ. Therefore, it is very important that the external refer- 
ence source output impedance is low enough so that its output 
voltage will not be affected by the varying digital code. Due to 
transient currents at the Va¢r input during digital code changes, 
a 0.1.F or greater decoupling capacitor on that Vr_r input is 
recommended. The input capacitance at the Vr_er pin is also 
code dependent and typically varies from less than 120pF to 
less than 350pF. 


Each Voyrt voltage can be represented by a digitally pro- 
grammable voltage source using the following expression : 


Vout = Dn X Vrer/256 


where Dn is the decimal equivalent to the digital input code 
and can vary from 0 to 255. 


F Rv20 fF Ff Ff Ff ff / 
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Output Buffer Amp 


Each D/A converter output is buffered by a unity gain nonin- 
verting BICMOS amplifier which has slew rate greater than 4 V/ 
us. The output buffer settles to +1/2 LSB in less than 4us when 
driving aload of 2kQ in parallel with 100pF with a full scale transi- 
tion from OV to +10V or from +10V to OV . The buffers can drive 
2kQ and 500pF to 10V levels without oscillation. 


A simplified circuit diagram of the output buffer is shown in 
Figure 2. The Input stage is provided by BiCMOS PNP transis- 
tors with resulting lower input offset voltage, offset voltage drift 
over time and noise when compared to MOS process. The am- 
plifier output stage uses a substrate NPN bipolar device to pro- 
vide a low output impedance, high-output current capability. 


The MP7228 is specified for single or dual power supply op- 
eration, with only the buffer amplifier outputs using Vss supply 
current. Operating the MP7228 from dual supplies will improve 
the negative going output settling time near ground. In dual sup- 
ply voltage operation, the output amplifier can sink 500A when 


Vout = 0 V. 
‘ TOM 


MP7228 


EEE ES a a 


Vpp 
VIN 
Output 
GND Vss 


Figure 2. Simplified Output Buffer Amplifiers 


The amplifiers outputs may be shorted to ground. However, 
the power dissipation of the package should not exceed the 
maximum limit. 


Digital Inputs 


All of the digital inputs to this DAC maintain TTL level inter- 
face compatibility and can also be driven directly with 5V CMOS 
logic inputs. The digital inputs are static protected to a rating of 
2000 volts . 


Digital Interface Logic 


The MP7228 allows direct interface to most microprocessor 
buses without additional interface circuitry. 


Figure 3. shows the input control logic circuit diagram and 
Table 1. shows the control logic truth table and operation for 
WR, A2,A1,A0. The address lines AO, A1 and A2 determines 
which DAC will accept the input data. The WR input determines 
whether the selected DAC is transparent (output follows the in- 
put), latched, or no operation. The WR input will also inhibit 
power on reset of the DAC latches to 0, if its initial state = 0 after 5 
us of power. 


Figure 4. shows the write cycle timing diagram. When WR 
signal is low, the input latch of the selected DAC is transparent , 
and the DAC’s output corresponds to the value present on the 
data bus. 


Vin. f Jf f Jf 7 f 
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To DAC1 Latch Enable 
To DAC2 Latch Enable 
To DAC3 Latch Enable 


To DAC4 Latch Enable 
Decoder 
To DAC5 Latch Enable 


To DAC6 Latch Enable 


To DAC7 Latch Enable 


To DAC8 Latch Enable 


Figure 3. Input Control Logic 


wm | a2 | a1 | ao | operation 
H X X X 


No Operation; 
Device Not Selected 


DAC 1 Transparent 
DAC 1 Latched 


DAC 2 Transparent 
DAC 3 Transparent 
DAC 4 Transparent 
DAC 5 Transparent 
DAC 6 Transparent 
DAC 7 Transparent 
DAC 8 Transparent 


Pere re ere Ye 
os ee es es ee ee 
LE rzaor er 
Lr LP Let Pe 


Table 1. Truth Table 


t 
>< 9 |e 


i] i] 5 V 
; OV 


, 5V 
i) ‘ 0 V 


NOTE: When the WR signal is low, the input latch of the se- 
lected DAC is transparent and any invalid data at this time will 
Cause erroneous output. 


Figure 4. Write Cycle Timing Diagram 


TOM’ 
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Digital Input Analog Output, Vout 


1111711141471 


APPLICATIONS INFORMATION 


Power On Reset 


At power up, all inputs are resetto 0 Vif WR =1. If WR=0, the 
addressed DAC will receive input data. 10000001 


Power Supply 10000000 


The MP7228 can operate with either a single or dual power 01111111 
supply. Improved zero-code settling error can be obtained by 
using dual power supplies. The dual power supply specifica- 
tions are a positive supply (Vpp) range of +10.5V to +16.5V, and 
a—5V supply (Vss) . The single power supply specifications are 
a positive supply (Vpp) range of +10.5V to +16.5V, or range of 
+4.75V to 5.5V . The specified reference voltage (Vrer) range 
under these conditions is from +2V to Vpp—4V. For those appli- ‘ — (9-8 — - 
cations requiring +10V at the output (Vaer = +10V), Vpp must mies ee = Ne) Ae) 256 (Veer) 
be +14V minimum to meet data sheet limits. 8-bit performance 
is guaranteed for single supply operation (Vss = OV); however, Table 2. Unipolar Code Table 
zero code output sink capability is improved with Vsg=—5V. For 
adequate DAC and Buffer operation, Vaer must always be be- 
low Vpp by at least 3.5V. 


00000001 


00000000 


Power Supply Decoupling 
1Utttid 


The Power Supplies used with the MP7228 should be well 


regulated and filtered. Local power supply decoupling consist- 10000001 
ing of a 10uF tantalum capacitor in parallel with a 0.01pF ce- 
ramic is recommended. The decoupling capacitors should be 10000000 
connected between the Vpp and GND also between Vss and 


Unipolar Output Operation 00000001 


In this configuration, the reference voltage is the same polar- 00000000 
ity as the output voltage. Since the reference voltage must al- 
ways be positive with respect to GND, the output can only be 0 or 
positive. 

Table 2. shows the code relationship for the part in unipolar 
operation. 


Table 3. Bipolar Code Table 


y Rev20 fF fF fF Ff ff / T@)M 
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MP7228 


Bipolar Binary Operation 


VreF O 


The Bipolar Mode configuration for each DAC requires one 
external op-amp and two resistors per channel. 


Figure 5. shows a typical Bipolar Operation circuit using the 
Vout MP7228. Table 3. shows the code relationship for the circuit of 
Figure 5. assuming R1 = R2. 


AC Reference Signal 


An AC signal can be applied to the reference of the MP7228 
for multiplying capability within the upper (+10V) and lower 
Vout = Dn X Vrer X (1+R2/R1) - Var X R2/RI (+2V) limits of the reference voltage input, with either single or 
if R1 = R2 dual supplies. This signal must be level shifted or AC coupled 
Vout = Vrer X (2Dp, - 1) with proper bias level before being applied to the reference in- 
Where Dn 1s the sigital Input code and can valy Want OIG 255 put. Figure 6. shows techniques for applying an AC signal to the 

MP7228. Since all eight DACs share acommon reference, they 
Figure 5. Bipolar Output Circuit will all share this AC modulated reference. Input frequencies up 
to 50kHz will typically be distorted less than 0.1% . 


Vss GND 


+4V 


AC 
Reference 
Input 


DCorrset = Vpp (+15) X R2/R1+R2 


—-5 V or GND GND 


Figure 6. AC Reference Input Signal Circuit (AC Couple) 
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Vout = Dn X Vrer + VoFFseT 


Vout where D, is the digital input code 
and can vary 0 to 255 
Vout = Dn1 X Veer + Dn X VRer 
VouT where D, is the digital input code and 


can vary 0 to 255 


Figure 7. Offset Circuits 


R R 
DAC 7 
Output 
R 
VOFFSET 
R R 
DAC ‘ 
Output1 
DAC ‘ 
Output2 
AC 
Reference 
Input 


or DC Voltage 


GND 


Vss 
—5 V or GND 


Figure 8. AC Reference Input Signal Circuit (DC Couple) 


Offsetting DAC Outputs 


Figure 7. shows examples of offset circuits. 


DAC Offset Effects 


When using the device in single supply applications, and 
minimum reference voltage, there is a possibility that the DAC 
output will not change when the code is incremented from 0. 
Once the DAC has reached the offset voltage of ihe posi 
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buffer, the DAC output will begin to incrementin anormal opera- 
tion. 


5V Operation 


The MP7228 can be operated with a single power supply 
(Vpp = +5V) or dual power supplies ( Vpp = +5V and Vss = 


—5V). The reference voltage range is reduced. However, the 
DNL of each DAC remains at 3/4 LSB guaranteeing 
monotonicity. 


TOM 


MP7228 
IDES iF i 


PERFORMANCE CHARACTERISTICS 


VDOD= +15 V 
VSS= -5V 
DAC'e 1 thru8 


| 
x F 0.054 
Sa | VN 
— rz) 6) 1 y 
Se ML. LL NANA TINT ART 
pee a 


ee ee ee Ose 
TEMPERATURE * C Digital Code 
Graph 1. Power Supply Current Graph 2. Relative Accuracy 
vs. Temperature vs. Digital Code 


Vinv20f J 7 7 ff ff 7 
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FEATURES 


e Full Four-Quadrant Multiplying 

e Low Feedthrough: 1/2 LSB @ 200 kHz 
e Fast Settling: 100 ns (typ.) 

e Low Power Dissipation 

e Low Cost 

e 5 V/15 V Operation 

e Buffered Version: MP7524 


GENERAL DESCRIPTION 


The MP7523 is a low cost multiplying Digital-to-Analog Con- 
verter. The device uses an advanced thin-film-on-CMOS tech- 
nology to provide 8-bit resolution with accuracy to 10-bits and 


SIMPLIFIED BLOCK DIAGRAM 


ME ET 


MP7523 


15 V CMOS 
Multiplying 8-Bit 
Digital-to-Analog Converter 


APPLICATIONS 


e Battery Operated Equipment 

e Low Power, Ratiometric A/D Converters 
e Digitally Controlled Gain Circuits 

e Digitally Controlled Attenuators 

e CRT Character Generation 

e Low Noise Audio Gain Control 


very low power dissipation. 


The MP7523’s excellent multiplying characteristics and low 
cost allow it to be used in a wide ranging field of applications 
such as: low noise audio gain control, CRT character genera- 
tion, motor speed control, digitally controlled attenuators, etc. 


Vpp 


i] 
2 to 3 Decoder 


BIT 8 
LSB 


3 Segment D/A Converter with Termination to DGND 
Logical “1” at Digital Input Steers Current to loyrt; 


y Rv 20 fF Ff Ff Ff fF / 
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MP7523 
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ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
ee Range (LSB) (LSB) (% FSR) 
| Plastic Dip | -40to+85°C | mprszqn | v2 | tt | 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louT1 Ree louT1 Rep 
lout2 VREF lout2 VREF 
GND Vop GND Vop 
(MSB) BIT 1 N/C (MSB) BIT 1 N/C 
BIT 2 N/C BIT 2 N/C 
BIT 3 BIT 8 (LSB) BIT 3 BIT 8 (LSB) 
BIT 4 BIT 7 BIT 4 BIT 7 
BIT 5 BIT 6 BIT 5 BIT 6 
16 Pin PDIP (0.300”) 16 pin SOIC (Jedec, 0.300”) 
N16 S16 


PIN OUT DEFINITIONS 


ee mer ase a DESCRIPTION Ee DESCRIPTION 


Current Output 1 Bit 6 
Current Output 2 Bit 7 
Ground Bit 8 
Bit 1 (MSB) No Connection 


Bit 2 No Connection 


Bit 3 Positive Power Supply 


Bit 4 Reference Input Voltage 


Bit 5 Internal Feedback Resistor 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Veer = +10 V unless otherwise noted) 


= Tmin to Tmax 
Parameter oe Cree Max Test Conditions/Comments 


STATIC  STATICPERFORMANCE’ 


Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line 
(Relative Accuracy) (Max INL — Min INL) / 2 
J,A,S 
K, B, T 


Monotonicity Guaranteed over temp 


Differential Non-Linearity All grades monotonic over full 
tA, temperature range. 


K, B, T 


Gain Error +1. +1. Using Internal Rep 
J,A,S Digital Inputs = Vinny 


K, 6,7 


Power Supply Rejection Ratio + + [AGain/AVppl AVpp = + 5% 
J,A,S Digital Inputs = Vinny 


K, B, T 


Output Leakage Current (Pin 1) + +200nA Digital Inputs = Vin 
J,A,S 
K, B, T 


Output Leakage Current (Pin 2) + +200nA Digital Inputs = Vinny 
J,A,S 
K, B, T 


REFERENCE INPUT 

Input Resistance VouTi = Vout2 = 0 V 

DIGITAL INPUTS 

Logical “1” Voltage 

Logical “O” Voltage 

Input Leakage Current 

ANALOG OUTPUTS 

Output Capacitance@ 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


DAC Inputs all 1’s 
DAC Inputs all 0’s 


Y Rv20 fF Ff Ff Ff ff / TC)M 
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MP7523 
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ELECTRICAL CHARACTERISTICS (CON’T) 


= Tmin to Tmax 
[Peremeer Synge! |__| Max Test Conditions/Comments 


POWERSUPPLY SCS SUPPLY 
Vpp 5 16 5 16] V 
lop 1.6 1.6] mA 


Functional Voltage Range? 


Supply Current All digital inputs = 0 V or all= 15 V 


NOTES: 

1 Full Scale Range (FSR) is 10V. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


VORIOUND sxicaeevnanwadedanadendthbnene eee cee +17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND-—0O.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout, loure TOSGND win cedccasces nesusaades —0.5 to 6.5 V Package Power Dissipation Rating to 75°C 

VreF to GND .......... ccc cece cece cence ence nes +25V CDIP. POIR, SOIC ccccvesicvnivaevvasnaeer> 800mW 
Were 1) GND. «utcrcnsecandune doeamnmekes ke veee +25 V Derates above 75°C 2.25.2 0002se0e0ees ses 11mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 
2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 


(HP5082-2835) from input pin to the supplies. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


y Pev.2.00 ff ff ff ff f/f TOM 
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MP7524 


CMOS 
Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


YEXAR _ 


FEATURES APPLICATIONS 


e Full Four-Quadrant Multiplication e Microprocessor Controlled Gain Circuits 

e On-chip Bus Interface Logic e Microprocessor Controlled Attenuator Circuits 

e +5 V to +15 V Operation e Microprocessor Controlled Function Generation 
e Low Power Consumption e Precision AGC Circuits 

e Monotonicity Guranteed e Bus Structured Instruments 


(Full Temperature Range) 
e TTL/15 V CMOS Compatible 


GENERAL DESCRIPTION MP7524 provides accuracy to 1/8 LSB with power dissipation of 


_ only 10mW. 
The MP7524 is a low cost, 8-bit CMOS Digital-to-Analog 


Converter designed for direct interface to most microproces- Featuring operation from +5 V to +15 V, the MP7524 inter- 
SOrs. faces directly to most microprocessor buses or output ports. Ex- 

Basically an 8-bit DAC with input latches, the MP7524’s load cellent multiplying characteristics (2- or 4-quadrant) make the 
cycle is similar to the “write” cycle of a random access memory. MP7524 an ideal choice for many microprocessor controlled 
Using an advanced thin-film on CMOS fabrication process, the gain setting and signal control applications. 


SIMPLIFIED BLOCK DIAGRAM 


Rep 


louTt 
1 
' louT2 
' i] 
i] 
2 to 3 Decoder ' 
| ll 
Switch Drivers & Switches 
Bus Interface Logic GND 


DB7 DBO 
MSB LSB 


3 Segment D/A Converter with Termination to GND 
Logical “1” at Digital Input Steers Current to lOUT1 


TOM 
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ORDERING INFORMATION 


Cae eel oe | | [ee 
Type Range Part No. (LSB) (LSB) (% FSR) 

SOIC (0.150) 
SOIC (0.300") 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


lout Rep lout 1@ Ree 
louT2 VREF louT2 2 VREF ane Vpp 
GND Vpp GND 3 Vpp (MSB) DB7 WR 
(MSB) DB7 WR (MSB) DB7 4 WR 
DB6 cS DB6 5 cS NIC Le. N/C 
DB5 DBO (LSB) DB5 6 DBO (LSB) DB6 cS 
DB4 DB1 DB4 7 DB1 
DB3 DB2 DB3 8 DB2 DBS L& DBO (L 
DB4 N/C DB1 
DB3 DB2 
16 Pin CDIP, PDIP (0.300”) 16 Pin SOIC 20 Pin PLCC 
D16, N16 (Jedec, 0.150” & 0.300’) P20 


SN16, S16 


Vin. ff ff J f TOM 
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PIN OUT DEFINITIONS 


CDIP, PDIP and SOIC PLCC 


eo DESCRIPTION 


Current Output 1 No ‘iceuaia + 
Current Output 2 Current Output 1 
Ground Current Output 2 


Data Input Bit 7 (MSB) Ground 


Data Input Bit 6 
Data Input Bit 5 
Data Input Bit 4 
Data Input Bit 3 


Data Input Bit 7 (MSB) 
No Connection 
Data Input Bit 6 
Data Input Bit 5 


oO OA NN DO aA FP WD PY 
oO oO NO oa KF WH PD 


Data Input Bit 2 Data Input Bit 4 


pare 
oO 


Data Input Bit 3 


— 
i) 


Data Input Bit 1 


Data Input Bit 0 (LSB) No Connection 


— 

—s 
— 
—s 


— 
Nh 


Data Input Bit 2 


=i 
ine) 


Chip Select 
Write 


on, 
ie) 


Data Input Bit 1 
Data Input Bit 0 (LSB) 
Chip Select 


—_ 
(ee) 


mak 

aS 
rant 
KR 


Power Supply 


— 
on 


Reference Input 


= 
oO 


No Connection 


— 
[o>) 


Feedback Resistance 


— 
Oo 


Write 


on Sa 
oOo N 


Power Supply 


oe 
ido} 


Reference Input 


Feedback Resistance 


ie) 
i) 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vref = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
L,C, U 


Differential Non-Linearity 
J,A,S 
K,. By T 
L, & U 


Gain Error 


Power Supply Rejection Ratio 


Output Leakage Current (Pin 1) 


DYNAMIC PERFORMANCE 


Current Settling Time? 
AC Feedthrough at Ioyt12 


at lout2 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “0” Voltage 
Input Leakage Current 
Input Capacitance? 


ANALOG OUTPUTS? 


Output Capacitance 


POWER SUPPLY® 


Supply Current 


+1600 


+400nA 


FSR = Full Scale Range 


Best Fit Straight Line Spec. 
(Max INL — Min INL) /2 


All grades monotonic over full 
temperature range. 


Using Internal Rep 
Digital Inputs = Vinny 


[AGain/AVppl AVpp = + 10% 
Digital Inputs = Vinny 


Digital Inputs = Vin, 
RL = 100Q, C, = 10pF 


Full Scale Change to 1/2 LSB 
Vrer=100kHz, 20 Vp-p, sinewave 
DBO-DB7 = 0 V, CS=WR=O0V 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V or all=5 V 
All digital inputs = Vj, or all = Vjy 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


cl Tmin to Tmax 
ili Ih diledciall Min Max Units Test Conditions/Comments 
| Full Scale Range (FSR) is 10V for unipolar mode. 


= rR 
Guaranteed but not production tested . 


CHARACTERISTICS? 4 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 


Chip Select to Write Set-Up Time 
J, K, L, A, B, C 
5, 1, VU 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 
J, K, L, A, B, GS 
S, 17, U 


NOTES: 


a -® WwW MY 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 15 V, VREF = +10 V unless otherwise noted) 


=i Tmin to Tmax 
Hai ae a Max Test Conditions/Comments 


STATIC TSTATICPERFORMANCE’ 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
L, GU 


Differential Non-Linearity 
J,A,S 
K, B, T 
L,C,U 


Gain Error 


Power Supply Rejection Ratio 


Output Leakage Current (Pin 1) 
DYNAMIC PERFORMANCE 


Current Settling Time? 
AC Feedthrough at Iour1" 


at lout2 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 


ANALOG OUTPUTS2 


Output Capacitance 


POWER SUPPLY 
Supply Current 


Vin. f J Jf Jf 7 


+400 


+200nA 


FSR = Full Scale Range 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


All grades monotonic over full 
temperature range. 


Using Internal Reg 
Digital Inputs = Vinny 


[AGain/AVpp| AVpp = + 10% 
Digital Inputs = Vinny 


Digital Inputs = Vin. 
RL=100Q, CL=13pF 


Full Scale Change to 1/2 LSB 
VrefF=100kHz, 20Vp-p, sinewave 
DBO - DB7=0 V, CS=WR=0V 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V or all= 15 V 
All digital inputs = Vi. or all = Viy 


MP7524 


ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 
1 Full Scale Range (FSR) is 10V for unipolar mode. 


SWITCHING 
ns 
ns 
ns 
ns 
ns 
Guaranteed but not production tested. 


CHARACTERISTICS2: 4 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 


Chip Select to Write Set-Up Time 
J, K, L, A, B, C 
S, T, U 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
J, K, L, A, B, C 
3, 1,U 
Data Valid to Write Hold Time 
Write Pulse Width 
J, K, L, A, B, C 
Ss, 7, U 


NOTES: 


ao fF WwW MY 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


Vou TO'GND ..0cccceedrtuavavasvccus saeens —0.5, +17 V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
laura louvre tO GND ....csssvwnrnnderneenes —0.5to7V Package Power Dissipation Rating to 75°C 

West GN veeeenun oo sveensesed ies negeaieuns +25 V COP, PUI, SOIC, PLCS yp ssaviserdinavdans 700mW 
Vem Gh) sates ace sascauekveovdnees ip neusnws +25 V Deraies Shove 75°C sacscsuvenvivesewavns 10mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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INTERFACE LOGIC INFORMATION 


Mode Selection 


MP7524 mode selection is controlled by the CS and WR in- 
puts. 


Write Mode 


When CS and WR are both LOW, the MP7524 is in the 
WRITE mode, and the MP7524 analog circuit responds to data 
activity at the DBO-DB7 data bus inputs. In this mode, the 
MP7524 acts like a non-latched input D/A converter. 


Hold Mode 


When either CS or WR is HIGH, the MP7524 is in the HOLD 
mode. The MP7524 analog output holds the value correspond- 
ing to the last digital input present at DBO-DB7 priorto WR or CS 
assuming the high state. 


DAC responds to data bus 
(DBO-DB7) inputs 


Data Bus (DBO-DB7) is 


locked out 


DAC holds last data present 
when WR assumed HIGH 
state 


L = LOW state, H = HIGH state, X = Don't care state 


Table 1. Mode Selection Table 


MICROPROCESSOR INTERFACE 


MP7524/8080A Interface 


Figure 2. shows the MP7524 used in the MCS-80 
microcomputer system as a Memory Mapped Output Device. 
The basic CPU group consists of the 8080A CPU, 8224 clock 
generator and 8228 system controller/bus driver. The MP7524 
WR input is connected to the 8228 system data bus outputs. 
The CS input is connected to the x aa aOOKESS sone 


Vin. f J 


tos > toye— 
Vop 
DATAIN. VIH DATA IN 
(DBO-DB7) Vit STABLE 6 


Figure 1. Write Cycle Timing Diagram 


ad 
on 


Oo 
— 


Relative Accuracy (LSB) 


0 64 128 192 256 
Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 


logic. Note that pull-up resistors R3 and R4 are required to 
ensure that the CS and WR input HIGH states reach 3.0V min. 
Pull-ups are not required on the system data bus since the 8228 
VOH is 3.6 V min for DBO-DB7. 


System timing is shown in Figure 3. Data is loaded into the 
MP7524 when the WR and CS inputs are both LOW. The datais 
latched into the MP7524 when WR returns HIGH. MP7524 up- 
dating is accomplished by using any of the 8080A memory write 
instructions (such as MOV M, r). 


The MP7524 can also be addressed and loaded as an iso- 
lated Output Device by connecting the MP7524 WR input to the 
8228 I/O W terminal (instead of MEMW). 
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Decoded MEMW 
System Data Bus Device (From 8228) 
(From 8228) Address +5 V 
Ce 222s Rae ees ee 
Loeaall 
ae MP7524 
(a ae a 
| | | | | ht 
Ce Se RE ee 
(Gain Adj.) 
) 
Analog 
Input 
Figure 2. MP7524/8080A Interface 
M M 
Machine £ J 
Cycle 
“7? —> T al T T T 
Ml ee eee SL 
Address Bus 
(A15 — AO) ( dices ) > Device Address Valid 
System Data Bus From 
(DB7 — DBO) 8228 System Data Bus Valid Update 
© MP7524 
8228 Data Bus Latched (Into MP7524) 


Decoded ; 
( Device | Device (MP7524) Selected Device Not Selected 


Address Previous Analog New Analog Output Level 
MP7524 __OutputLevel A —“—sOSSSSsS 
Analog Output 
TSETTLING 
NOTE 1 
NOTE: 
1. Settling Time ls Dependent Primarily 
Upon Output Amplifier Slewing And 
Settling Characteristics. Waveform 


: Sn - Shown Is Not Representative Of Any 
Figure 3. Timing Diagram Spasifie Amnplliisr 
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MP7524A 


CMOS 
Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


FEATURES 


e lout Pin Voltages are User Definable 
e Improved Isolation of Analog from Digital Ground 
e Full Four-Quadrant Multiplication 
e On-chip Bus Interface Logic 
e +5 V to +15 V Vpp Operation 
e Low Power Consumption 
e Monotonicity Guaranteed 
(Full Temperature Range) 
e Use in Single Supply Design Designs 
e 3 V Version: MP75L24 


APPLICATIONS 


e Microprocessor Controlled Gain Circuits 

e Microprocessor Controlled Attenuator Circuits 
e Microprocessor Controlled Function Generation 
e Precision AGC Circuits 

e Bus Structured Instruments 

e Disk Drives 


GENERAL DESCRIPTION 


The MP7524A is a low cost, 8-bit CMOS Digital-to-Analog 
Converter designed for direct interface to most microproces- 
sors. 


The MP7524A is pin-to-pin compatible to the MP7524. In 
addition, the lout, 2 pins may be taken to a non-ground voltage. 
This allows its use in single supply circuits. The loyte current is 
1 LSB higher than that of the MP7524. 


SIMPLIFIED BLOCK DIAGRAM 


2 to 3 Decoder 


Switch Drivers & Switches 


Bus Interface Logic 


Basically an 8-bit DAC with input latches, the MP7524A’s load 
cycle is similar to the “write” cycle of a random access memory. 
Using an advanced thin-film on CMOS fabrication process, the 
MP7524A provides accuracy to 1/8 LSB with power anil 
of only 10mW. 


Featuring operation from +5 V to +15 V, the MP7524<A inter- 
faces directly to most microprocessor buses or output ports. Ex- 
cellent multiplying characteristics (2- or 4-quadrant) make the 
MP7524A an ideal choice for many microprocessor controlled 
gain setting and signal control applications. 


louTi 
louT2 


GND 


3 Segment D/A Converter with Termination to Ioyt2 
Logical “1” at tiie = Steers Current to IOUT1 
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ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 


"C 
Plastic Dip | —40t0+85°C | MP7524ABN +1/4 
Plastic Dip | —4010+85°C | mP7524ACN +1/8 
C 
C 


SOIC -40 0 +85°C_| MP7524AAR 
SOIC —40 to +85° MP7524ABR +1/4 
SOIC 40 to +85°C | MP7524ACR +1/8 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louT1 Ree lout ; Rep 
louT2 VREF lout2 . VREF 
GND a GND 3 Von 
(MSB) DB7 WR (MSB) DB7 4 WR 
DB6 cs DB6 5 cs 
DB5 DBO (LSB) DB5 6 DBO (LSB) 
DB4 DB1 DB4 7 DB1 
DB3 DB2 DB3 6 DB2 


16 Pin PDIP (0.300”) 
N16 


16 Pin SOIC (Jedec, 0.150”) 
SN16 


PIN OUT DEFINITIONS 


LPINNO.| NAME _ DESCRIPTION 
1 


Current Output 1 


LPINNO.| NAME _ DESCRIPTION 
9 


DB2 Data Input Bit 2 
Data Input Bit 1 
Data Input Bit 0 (LSB) 
Chip Select 
Write 


Current Output 2 
Ground 

Data Input Bit 7 (MSB) 
Data Input Bit 6 


Data Input Bit 5 


Data Input Bit 4 
Data Input Bit 3 
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Power Supply 
Reference Input 


Feedback Resistance 


£2 EXAR MP7524A 


ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vrer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity 
(Relative Accuracy) 


All grades monotonic over full 
temperature range. 


He [+ 
—_ _t db 


Gain Error +1. +1. Using Internal Reg 
Digital Inputs = Vinny 


Power Supply Rejection Ratio [AGain/AVpp| AVpp = + 10% 
Digital Inputs = Vinny 


Output Leakage Current (Pin 1) Digital Inputs = Vin, 


DYNAMIC PERFORMANCE RL = 100Q, C, = 10pF 


Current Settling Time? Full Scale Change to 1/2 LSB 
AC Feedthrough at Ioyt12 . VaeF=100kKHz, 20 Vp-p, 
sinewave 
at lout2 DBO-DB7 =0 V, CS =WR=0V 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 


ANALOG OUTPUTS2 


Output Capacitance 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY® 


Supply Current All digital inputs = 0 V or all=5 V 
All digital inputs = Vj or all = Viy 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 
Full Scale Range (FSR) is 10V for unipolar mode and +10V for bipolar. 


SWITCHING 
ns 
ns 
ns 
ns 
ns 
Guaranteed but not production tested. 


CHARACTERISTICS2: 4 
Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 
Refer to Figure 7. 


Chip Select to Write Set-Up Time 
A, B, C 

Chip Select to Write Hold Time 

Data Valid to Write Set-Up Time 

Data Valid to Write Hold Time 

Write Pulse Width 

A, B, C 


VOLTAGE MODE OPERATION? & 


INL 1 lout: = 2.5 V 


louT2 =0 V 


Integral Nonlinearity Error @ Vrer 


NOTES: 


oak won — 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 15 V, VREF = +10 V unless otherwise noted) 


25°C 
Parameter Symbol Min Typ Max 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
L, Mo 


Differential Non-Linearity 
J,A,S 
K, B, T 
L,¢,U 


Gain Error 


Power Supply Rejection Ratio 


Output Leakage Current (Pin 1) 


DYNAMIC PERFORMANCE 


Current Settling Time 
AC Feedthrough at lout1* 
at lout2 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance* 


ANALOG OUTPUTS2 


Output Capacitance 


POWER SUPPLY 
Supply Current 


Tmin to Tmax 
Min Max 


+400 


+400nA 


re Test Conditions/Comments 


FSR = Full Scale Range 


.End Point Linearity 


All grades monotonic over full 
temperature range. 


Using Internal Rep 
Digital Inputs = Vinny 


[AGain/AVpp| AVpp = + 10% 
Digital Inputs = Vinny 


Digital Inputs = Vin, 
RL=100Q, CL=13pF 


Full Scale Change to 1/2 LSB 
Vref = 10kHz, 20 Vp-p, sinewave 
DBO - DB7=0 V, CS=WR=O0V 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V orall=15V 
All digital inputs = Vy. or all = Viy 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max 


SWITCHING 

ns 

100 130 
0 0 ns 
ns 

60 80 
10 10 ns 
ns 

100 130 


Test Conditions/Comments 


Chip Select to Write Set-Up Time 
A, B, C 

Chip Select to Write Hold Time 

Data Valid to Write Set-Up Time 
A, B, C 

Data Valid to Write Hold Time 

Write Pulse Width 

A, B, C 


CHARACTERISTICS2: 4 
VOLTAGE MODE OPERATION2: & 
INL | 


lout: =5 V 
louT2 =9 V 


Integral Nonlinearity Error @ Vper 


NOTES: 

Full Scale Range (FSR) is 10V for unipolar mode and +10V for bipolar. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

Refer to Figure 7. 


Oonar WN — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Von tO GND seccevsexcaunecceseeenecoaeeas —0.5,+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —-0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1; lout2 toGND ............... eee eee —0.5to7V Package Power Dissipation Rating to 75°C 

VORP ROIN wacscnncrcenake cheeses seawnraaaek +25 V POI OO oa cnbededsakercuaecenseceener 700mW 
Vers (O1GND saieeantatengcenddeeeeaaneasawe ne +25 V Derates above f5°C 2.6 ccceuckwercrvaseas 10mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 
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APPLICATION NOTES The advantage of this single supply configuration over the 


Refer to Section 8 for Applications Information voltage switching mode is the greater flexibility with which the 
output voltage swing can be defined. A low impedance refer- 


ence bias voltage is needed. Unlike the voltage switching mode 
which has a minimum output voltage of OV, the current steering 
mode allows for output swings that do not have to approach the 
rail voltages. The describing equation for this configuration is: 


Rep 
louTt 


Vout 
C) 


D 
MP7524A Vour = 256 (Venus — Vin) + Veias 


lout2 #2 (+2.5 to +5 V) 


GND 
Y where D=decimal equivalent of the DAC digital input code 
Vpias Is a voltage reference: 0 V < Vpjas < 2.5V for best 
linearity. 
Figure 1. Single Supply Operation Vin is a bipolar input voltage 


with 2.5 V to 5 V Swing By choosing the proper Vgjas and Vjn, the output voltage can 


a _ be set in the range between Vgpjas and 2Vpjas — Vin. For exam- 
The R-2R ladder termination resistor on the MP7524A is in- ple, for Vpp = 5 V & Voc = 15 V, select Vin = 0 V and Vpjas = 2.5 


ternally connected to Ioyt2 instead of ground as in the MP7524. V. This will result in a swing of 2.5 V to 5 V. 
This configuration allows the use of the DAC in the single supply 
current steering mode, where Igut2 is biased above ground lev- 
el. 


[Address Bus» Bus 
Decode 


| Logic 


Figure 2. shows the generalized configuration. 


Vin Vpp 


Digital 
In 


VreF Vpp Arp 


louTt ' Your 


MP7524A 


lout2 [2 


GND 


Address/Data Bus 


Figure 2. Single Supply Operation 
in Current Switching Mode 


Figure 3. Microcontroller Interface 
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INTERFACE LOGIC INFORMATION 


Mode Selection 


MP7524A mode selection is controlled by the CS and WR in- 
puts. 


Write Mode 


When CS and WR are both LOW, the MP7524A is in the 
WRITE mode, and the MP7524A analog circuit responds to data 
activity at the DBO-DB7 data bus inputs. In this mode, the 
MP7524A acts like a non-latched input D/A converter. 


Hold Mode 


When either CS or WR is HIGH, the MP7524<A is in the HOLD 
mode. The MP7524A analog output holds the value corre- 
sponding to the last digital input present at DBO-DB7 prior to WR 
or CS assuming the high state. 


a DAC Response 


DAC responds to data bus 
(DBO-DB7) inputs 


Data Bus (DBO-DB7) is 


locked out 


DAC holds last data present 
when WR assumed HIGH 
state 


L = LOW state, H = HIGH state, X = Don’t care state 


Table 1. Mode Selection Table 


y Rev 20 6 ff ff ff ff 


VIH 
ViL 


tps >| toHe— 


Vop 
DATAIN. VIH DATA IN 
(DBO-DB7) Vit STABLE ' 


Figure 4. Write Cycle Timing Diagram 


MICROPROCESSOR INTERFACE 


MP7524A/8080A Interface 


Figure 5. shows the MP7524A used in the MCS-80 
microcomputer system as a Memory Mapped Output Device. 
The basic CPU group consists of the 8080A CPU, 8224 clock 
generator and 8228 system controller/bus driver. The MP7524A 
WR input is connected to the 8228 system data bus outputs. 
The CS input is connected to the system address decoding 
logic. Note that pull-up resistors R3 and R4 are required to 
ensure that the CS and WR input HIGH states reach 3.0V min. 
Pull-ups are not required on the system data bus since the 8228 
VOH is 3.6 V min for DBO-DB7. 


System timing is shown in Figure 6. Data is loaded into the 
MP7524A when the WR and C$ inputs are both LOW. The data 
is latched into the MP7524A when WR returns HIGH. MP7524A 
updating is accomplished by using any of the 8080A memory 
write instructions. 


The MP7524A can also be addressed and loaded as an iso- 
lated Output Device by connecting the MP7524A WR input to 
the 8228 I/O W terminal (instead of MEMW). 
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Decoded MEMW 


System Data Bus Device 
Address +5 V 
@ @ J 
Oe Sa Se aS ee ses ee DB7 R3 
il iis) 


ae i ° 
a Pe | 
ae ie ee 2 1 Vout 
TT? 72a | . 
OUT2 
a az _ 
le ee , 
ae a a Ge GND . 
V 
R2 
(Gain Adj.) 
U 
Analog 
Input 
Figure 5. MP7524A/8080A Interface 
Machine Mp Mi 
Cycle 
“7 —> T T ¥ T 7. 
 e<_oee me eecee eeees omen aa eee eked: ewe aaa Sees 
Address Bus 
(A15 — AO) ( Be ) > Device Address Valid 
System Data Bus From ) 
(DB7 — DBO) 8228 System Data Bus Valid Update 
- MP7524A 
menw (595) ————4. tse Gas bra Lara 
8228 Data Bus Latched (Into MP7524A) 


GS Decoded . 
( Device Device (MP7524A) Selected Device Not Selected 


Address Previous Analog New Analog Output Level 


MP7524A Output Level 
Analog Output 
<-> TSETTLING 


Figure 6. Timing Diagram 
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VIN 


Data In 


VF in20 ff ff 


MP7524A sv ,,-- 


Figure 7. Voltage Mode Operation 
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FEATURES 


On-Chip Latches for Both DACs 
+5 V to +15 V Operation 

DACs Matched to 1% 

Four Quadrant Multiplication 

15 V CMOS Compatible 


GENERAL DESCRIPTION 


The MP7528 is a dual 8-bit digital/analog converter designed 
using EXAR’s proven decoded DAC architecture. It features ex- 
cellent DAC-to-DAC matching and guaranteed monotonicity. 


Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 


Data is transferred into either of the two DAC data latches via 
acommon 8-bit TTL/CMOS compatible input port. Control input 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


y Rv 20 fF fF Ff ff fF / 


See MP7529A or MP7529B for Improved Performance 
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MP7528 


CMOS 
Dual Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


APPLICATIONS 


e Microprocessor Controlled Gain Circuits 

e Microprocessor Controlled Attenuator Circuits 
Microprocessor Controlled Function Generation 
Precision AGC Circuits 

Bus Structured Instruments 


DACA/DACB determines which DAC is to be loaded. The 
MP7528’s load cycle is similar to the write cycle of a random ac- 
cess memory and the device is bus compatible with most 8-bit 
microprocessors. 


The device operates from a +5V to +15V power supply with 
only 2 mA of current (maximum). 


Both DACs offer excellent four quadrant multiplication char- 
acteristics with a separate reference input and feedback resistor 
for each DAC. 


ae DACA/DACB 
| 
WR —— | /— 
R | | 
FBB OUT tT 
louTB 
AGND 
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ORDERING INFORMATION 


Ce ee ae Ss 
Type Range (LSB) (LSB) (LSB) 
| Plastic Dip | -40t0+85°C | mp7s2en | at | 
* 
* 
| soic | ~40to+85°C | mprszess | st 
°C 
C 
C 


x 
“1 
x 
x 

+1 


[Ceramic ip | 201085" | _mPrseead | at 


“85t0+125°C | MP7s28sD° | st 
-55t0+125°C | mp7528TD" 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


AGND louTB ie 
lOUTA Rres 2 
RFBA VREFB 3 
VREFA Vop 4 
DGND WR 5 see , 
DACA/DACB CS . oe 
(MSB) DB7 DBO (LSB) : 
DB6 DBI : 
DBS5 DB2 5 
DB4 DB3 - 
20 Pin CDIP, PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”’’) 
D20, N20 S20 


F Rev 20 fF fF fF fF fF f/f TC)M 
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PIN CONFIGURATIONS (CONT’D) 


R 


Vrera 14, VREFB 
DGND GI i 
DACA/DACB. [6] WR 
(MSB) DB7 EI cs 


DB6 Ls] DBO 


20 Pin PLCC 
P20 


PIN OUT DEFINITIONS 


AGND Analog Ground 
lOUTA Current Out DAC A 
Repa Feedback Resistor for DAC A 


VREFA Reference Input for DAC A 
DGND Digital Ground 


DAC A/ DAC Select 
DAC B 


DB7 (MSB) Data Input Bit 7 

DB6 Data Input Bit 6 

DB5 Data Input Bit 5 

DB4 Data Input Bit 4 

DB3 Data Input Bit 3 

DB2 Data Input Bit 2 

DB1 Data Input Bit 1 

DBO (LSB) Data Input Bit 0 
Chip Select 
Write 
Power Supply 
Reference Input for DAC B 
Feedback Resistor for DAC B 
Current Out DAC B 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 5 V, VREF = +10 V unless otherwise noted) 


Tmin to Tmax 
Parameter Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
LG 


Monotonicity 


Differential Non-Linearity 
J, A, §S 
K, B, T 
L,C 


Gain Error 
J,A,S 
K, B, T 
L,C 


Gain Temperature Coefficient® 


Power Supply Rejection Ratio 


Output Leakage Current (Pin 2) 
Output Leakage Current (Pin 20) 


Input Resistance 


Input Resistance Matching 
DYNAMIC PERFORMANCE? 


Harmonic Distortion 
Digital Crosstalk 


Channel-to-Channel Isolation 
AC Feedthrough at lout1 
Glitch Energy 

Propagation Delay 


Oo 


It I+ I+ 
woh 


I+ 
N 
io) 


+400 


+400nA 
+400nA 


15 
15 


+1 


Bits 


End Point Linearity Spec. 


Guaranteed over temp 


All grades monotonic over full 
temperature range. 


Using Internal Rep 
Digital Inputs = VINH 


AGain/ATemperature 


|AGain/AVpp| AVpp = + 5% 
Digital Inputs = Vinny 


Digital Inputs = Vin 
Digital Inputs = Ving 


TC = -300 ppm/°C max. 
11 kQ typical 


R, =100Q, C_=13pF 


VIN = 6Vramus @ 1 KHz 
Measured for code transition 
Zs to Fss 


Vref = 10kKHz, 20 Vp-p, sinewave 
Zs to Fs Input Change 

From digital input to 90% 

of final analog output current 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


eal > Tmin to Tmax 
| Parame een Min Lee | Test Conditions/Comments 


DIGITAL  DIGITALINPUTS? SCS 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


ANALOG OUTPUTS? 


Output Capacitance 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY® 
Functional Voltage Range? 


Supply Current All digital inputs = 0 V or all=5 V 
All digital inputs = Vj, or all = Vjy 


SWITCHING 
CHARACTERISTICS4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
DAC Select to Write Set-Up Time 
DAC Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


NOTES: 


L Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


oa b WwW DY 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vref = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
LG 


Monotonicity 


Differential Non-Linearity 
J,A,S 
K, B, T 
LG 


Gain Error 
J,A,S 
K, B, T 
L,C 


Gain Temperature Coefficient? 


Power Supply Rejection Ratio 


Output Leakage Current (Pin 2) 
Output Leakage Current (Pin 20) 


Input Resistance 


Input Resistance Matching 
DYNAMIC PERFORMANCE? 


Harmonic Distortion 
Digital Crosstalk 


Channel-to-Channel Isolation 
AC Feedthrough at loyti 
Glitch Energy 

Propagation Delay 


DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


V2.0 ff 7 A 


I+ I+. I+ 


|+ 
ie) 
oO 


+200 


+200nA 
+200nA 


he 
15 


+1 


Bits 


End Point Linearity Spec. 


Guaranteed over temp 


All grades monotonic over full 
temperature range. 


Using Internal Reg 
Digital Inputs = VINH 


AGain/ATemperature 


|[AGain/AVpp| AVpp = + 5% 
Digital Inputs = Vinny 


Digital Inputs = Vin. 
Digital Inputs = Vinny 


TC = —-300 ppm/°C max. 
11 kQ typical 


R, =100, C.=13pF 


Vin = 6Vrams @ 1 KHz 
Measured for code transition 
ZS to Fs 


Vref = 10KHz, 20 Vp-p, sinewave 
ZS to Fs Input Change 

From 50% of digital input to 90% 
of final analog output current 


TOM 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


ANALOG OUTPUTS2 


Output Capacitance 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY® 


Functional Voltage Range 


Supply Current 2 All digital inputs = 0 V or all=5 V 
All digital inputs = Vj, or all = Vjy 


SWITCHING 
CHARACTERISTICS 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
DAC Select to Write Set-Up Time 
DAC Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


NOTES: 

1 Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 See timing diagram. 
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Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


VornIOGND co ciesedice cade ewesnteieeamen nen ass +17 V Veecus, Veena IONEND cc cinaevie nave ee eeeeseaeins +25 V 
BEND te DENY ..crixcuseaeneatsnatsacansvewns ss +1V Storage Temperature ................. —65°C to +150°C 
(Functionality Guaranteed +0.5 V) Lead Temperature (Soldering, 10 secs.) ......... +300°C 
Digital Input Voltage to DGND ............. —0.5V, +17 V Package Power Dissipation Rating to 75°C 

Vpin2) Vpin20 tO GND .......-...-2 eee eee —0.5V, +17 V CDIP, PDIF, SOIC, PLOG ..cssescscsennenns 900mWw 
VREFA; VREFB TOG anc v ceca eases veer dingaeeide +25 Derates above 75°C ........ 0... cee eee 12mW/°C 
NOTES: 


| Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
(HE input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 


5082-2835) from input pin to the supplies. 
3 END refers to GND and DGND. 
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MP7528 Z EXAR 


INTERFACE LOGIC INFORMATION 


Write Mode: When CS and WR are both low the selected 
DAC is in the write mode. The input data latches of the selected 


DAC are transparent and its analog output responds to activit 
DAC Selection: Both DAC latches share acommon 8-bitin- oeeee P | ii a cailaeldae ai) 


put port. The control input DACA/DACB selects which DAC can 


accept data from the input port. Hold Mode: The selected DAC latch retains the data which 


was present on DBO-DB7 just prior to CS and WR assuming a 
Mode Selection: Inputs CS and WR control the operating — high state. Both analog outputs remain at the values corre- 
mode of the selected DAC. See Mode Selection Table below: sponding to the data in their respective latches. 


L = LOW state, H = HIGH state, X = Don’t care state 


Table 1. Mode Selection Table 


tcH V 
Ics a 
Ce 0 
TAH V 
tas DD 
DAC A/DAC B | 
ee | 
Vop 
WR 0 
Vop 
DATA IN 4 VIH_ DATA IN 
(DBO-DB7) Vit STABLE 
NOTES: 


1. Allinput signal rise and fall times measured from 10% to 90% of Vpp. 
Vpp = +5 V, tp = t= 20 ns 
Vpp = +15 V, t, = tt = 40 ns 

2. Timing measurement reference level is Vjy + Vip / 2 


Figure 1. Write Cycle Timing Diagram 
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Za” EXAR ——— MP7528 


MICROPROCESSOR INTERFACE 


Address Bus 
Address Bus 


Address 
Decode 
ogic 


DACA/DACB 
Decode 


Data Bus 
ADDR/Data Bus 


Analog circuitry has been omitted for clarity Analog circuitry has been omitted for clarity 

*A = Decoded 7528 DAC A Address *A = Decoded 7528 DAC A Address 

**A + 1 = Decoded 7528 DAC B Address **A + 1 = Decoded 7528 DAC B Address 
NOTE: 


8085 instruction SHLD (store H & L direct) can update 
both DACS with data from H and L registers 


Figure 2. MP7528 Dual DAC to 6800 Figure 3. MP7528 Dual DAC to 8085 
CPU Interface CPU Interface 


PERFORMANCE CHARACTERISTICS 


Relative Accuracy (LSB) 
Relative Accuracy (LSB) 


Digital Code Digital Code 
— DAC A-=— DACB — DACA -—— DACB 
Graph 1. Relative Accuracy vs. Digital Code Graph 2. Relative Accuracy vs. Digital Code 
5V 15V 
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MP7529A 


15 V CMOS 
Dual Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


hw a 


FEATURES 


e Very Low Total Harmonic Distortion 
e Lower Glitch Energy 

e Four Quadrant Multiplication 

e On-Chip Latches for Both DACs 

e +10.8 V to +15.75 V Operation 

e Low Power Consumption 

e TTL/5V CMOS Compatible 

e Latch-Up Free 

e Second Source to AD7628 

e 5 V Operation: MP7529B 


GENERAL DESCRIPTION 


The MP7529A is a dual 8-bit Digital-to-Analog Converter 
featuring excellent DAC-to-DAC matching, tracking and 
specifically optimized for applications requiring low total 
harmonic distortion. The MP7529A is manufactured using 
advanced thin film resistors on a double metal CMOS process. 
The MP7529A incorporates a unique decoding technique 
yielding lower glitch energy, higher speed and excellent 
accuracy over temperature and time. 


BENEFITS 


¢ Quiet Operation in Audio Applications 
e Easy interface to Microprocessors 


Data is transferred to either of the two D/A Converter latches 
via acommon 8-bit TTL/5 V CMOS compatible input port. The 
control input DAC A/DAC B determines which DAC is to be 
loaded. 


The device is specified for operation from +10.8 V to +15.75V 
power supply, and is TTL-compatible over this range. Power 
dissipation is only 20 mW. Both DACs offer excellent four 
quadrant multiplication characteristics, and include separate 
reference inputs and feedback resistors. An improved latch-up 
resistant design eliminates the need for external protective 
Schottky diodes in most applications. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Vpp VREFA 


DB7-DBO 
DAC A/DAC B 


R DB7-DB0. >’ x— 
ne DAC A/DAC B 


lOUTA 


Fi OUT TTL 


louTB 


AGND 


TOM 


MP7529A 


aaa eee 


ORDERING INFORMATION 


PIN CONFIGURATIONS 


AGND 


lOUTA 
Resa 


VREFA 
DGND 


DAC A/DAC B 
(MSB) DB7 
DB6 

DBS 

DB4 


20 


Pin PDIP (0.300”) 


lOUTB 
Rees 
VREFB 
Vpp 

WR 

cs 

DBO (LSB) 
DB1 

DB2 

DB3 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
jo) 


N20 


Cae me [ ae [oe | 
Type Range Part No. (LSB) (LSB) 
#12 #1 13 


See Packaging Section for Package Dimensions 


See 
Pin Out 
at Left 


20 Pin SOIC (Jedec, 0.300”) 


Gain Error 
(LSB) 


VREFA 

DGND 

DAC A/DAC B 
(MSB) DB7 
DB6 


20 Pin PLCC 


$20 P20 


PIN OUT DEFINITIONS 


1 


Analog Ground 

Current Output of DAC A 

Internal Feedback Resistor of DAC A 
Reference Input Voltage of DAC A 
Digital Ground 


DAC selection control 


Data Input Input Bit 7 (MSB) 


Data Input Bit 6 


Data Input Bit 5 
Data Input Bit 4 


Fv 20 ff f ff 


DESCRIPTION 


DESCRIPTION 


Data Input Bit 3 

Data Input Bit 2 

Data Input Bit 1 

Data Input Bit 0 (LSB) 

Chip Select (Active Low) 

Write Enable (Active Low) 

Power Supply 

Reference Input Voltage of DAC B 
Internal Feedback Resistor of DAC B 
Current Output of DAC B 
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ELECTRICAL CHARACTERISTICS 
(Vpp = +10.8 V to +15.75, Veer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 

J 

K 


Differential Non-Linearity 
J 
K 


Gain Error 
J 
K 


Gain Temperature Coefficient? 


Power Supply Rejection Ratio 


Output Leakage Current 
DYNAMIC PERFORMANCE2 


Harmonic Distortion 
Digital Crosstalk 
AC Feedthrough 
Vrera to louta 
Vrers to lout 
Channel-to-Channel Isolation 
VrerA to lout 


Vrere to louta 
Glitch Energy 


Current Settling Time 
Propagation Delay 


REFERENCE INPUT! 


Input Resistance 
Input Resistance Matching 


DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance 
Data 
Control 


Vin ff ff Jf ff 7 7 


End Point Linearity Spec. 


All grades monotonic over full 
temperature range. 


Using Internal Reg 


AGain/ATemperature 


[AGain/AVppl, AVpp = + 5% 
Vop = 10.8 V, +5%, & 15.75 V +5% 


Vin = 6Vrams @ 1 kHz 


All zeros to all ones Input Change 
To 1/2 LSB,R_=100Q, Ceyx7=13pF 
From 50% of digital input to 90% 
of final analog output current 

Ry. =1 002, Cext=1 3pF 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


= Tmin to Tmax 
Parameter Leynier | Pee Max Test Conditions/Comments 


ANALOG OUTPUTS2 
CouTA/B 1 7 120 pF 
CouTws 50 | pF 
1 1 
2 2 


Output Capacitance 


DAC inputs all 1’s 
DAC inputs all 0’s 


POWER SUPPLY! 


All digital inputs = 0 V, or all=5 V 
All digital inputs = Vj, or all = Vj 


Supply Current 


TIMING SPECIFICATIONS4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
DAC Select to Write Set-Up Time 
DAC Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width® 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram Figure 17. 

twr = 40ns minimum if tpy > 15ns (@T = 25°C). 


a fF won — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Vpp to NLS 6c ewa coe od teen hae ea.s GND -0.5 to+17V VRFBA; Vrrpp to Crees ssaende rete bsudnsvannensses +25 V 
AGND le DGND cane cue cnnevewauvsssuwewecadous +1V Storage Temperature ................. —65°C to +150°C 
(Functionality Guaranteed +0.5 V) Lead Temperature (Soldering, 10 seconds) ...... +300°C 
Digital Input Voltage toGND ........ GND -0.5 V to +7 V Package Power Dissipation Rating to 75°C 

loutas fourm 1O'GND 2.05. 2s00na eens GND —-0.5 V to +7 V PDIP, SOIC, PLCC ...................0000- 900mW 
Veer) VREEER WO GINU wkchesw ieee cease ee weed one ws +25 V Derates above 75°C ............. 000 eee 12mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 GND refers to AGND and DGND. 
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DIGITAL INTERFACE 


The digital inputs are designed to be both TTL and 5 V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than 10nA. 

The control input DAC A/DAC B selects which DAC can ac- 
cept data from the input port. Inputs CS and WR control the op- 
erating mode of the selected DAC (Table 1.). When CS andWR 


TUL 
os 
tas TAH 
DAC A/ | VALID |} 
DAC B 
twrR 
WR ay 
tos toH 
DB7-DBO VALID 
NOTE: 


1. Timing measured from (Vjy + Vj.) /2 


Figure 1. Write Cycle Timing Diagram 


MICROPROCESSOR INTERFACE 


7 ADDRESS 
DECODE 


ADDRESS BUS 


DATA BUS 


*Analog circuitry has been omitted for clarity 
**A = Decoded 7529A DAC A Address 
***A+1 = Decoded 7529A DAC B Address 


Figure 2. MP7529A Dual DAC to 6800 
CPU Interface 


V2 f J ff ff ff f 


MP7529A 


are both low the selected DAC is in the write mode. The input 
data latches of the selected DAC are transparent and its analog 
output responds to activity on DBO-DB7 (Write mode). The se- 
lected DAC latch retains the data which was present on 
DBO-DB7 just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches (Hold mode). 


L=Low State H X = Don’t Care 


High State 


Table 1. DACs Mode Selection 


NOTE: 
8085 instruction shld (store H & L direct) can update 
both DACS with data from H and L registers 


ADDR/DATA BUS 


*Analog circuitry has been omitted for clarity 
**A = Decoded 7529A DAC A Address 
***A+1 = Decoded 7529A DAC B Address 


Figure 3. MP7529A Dual DAC to 8085 
CPU Interface 
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PERFORMANCE CHARACTERISTICS 


0 


Relative Accuracy (LSB) 
co) 
© 
on 


duu il al ll 


0 32 64 96 128 160 192 224 256 
Digital Code 


— DAC A =— DAC B 


Graph 1. Relative Accuracy vs. Digital Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


Viv J ff ff ff f 


MP7529B 


5 V CMOS 
Dual Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


fae EXAR 


BENEFITS 


e Quiet Operation in Audio Applications 
e Easy Interface to Microprocessors 


FEATURES 


e Very Low Total Harmonic Distortion 
e Low Glitch Energy 

e Fast Settling Time 

e Four Quadrant Multiplication 

e On-Chip Latches for Both DACs 

e 4.5 V to 5.5 V Operation 

e Low Power Consumption 

e TTL/5V CMOS Compatible 

e Latch-Up Free 

e 15 V Operation: MP7529A 


Data is transferred to either of the two D/A Converter latches 
via acommon 8-bit TTL/5 V CMOS compatible input port. The 
control input DAC A/DAC B determines which D/A is to be 


GENERAL DESCRIPTION 


The MP7529B is a dual 8-bit Digital-to-Analog Converter 
featuring excellent DAC to DAC matching, tracking and 
specifically optimized for applications requiring low total 
harmonic distortion. The MP7529B is manufactured using 
advanced thin film resistors on a double metal CMOS process. 
The MP7529B incorporates a unique bit decoding technique 
yielding lower glitch energy, higher speed and excellent 
accuracy over temperature and time. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Vop VREFA 


Vins J ff f ff f 


loaded. 


The device operates from a 4.5 V to 5.5 V power supply, and 
is TTL-compatible over this range. Power dissipation is only 10 
mW. Both DACs offer excellent four quadrant multiplication 
characteristics, and include separate reference inputs and 
feedback resistors. An improved latch-up resistant design 
eliminates the need for external protective Schottky diodes in 
most applications. 


DAC A/DAC B 
a cs aa \\WR sa 
WR 
| 
ee ae 
louTB 
AGND 


TOM 
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ORDERING INFORMATION 


Plastic Dip__| ~40to+85°C | MP7529BUN 
Plastic Dip_| —40to+85°C | MP7529BKN ea 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


AGND louTB 1 VREFA 
lOUTA Rees 2 
RFBA VREFB 3 cee 
VREFA Vop 4 See DAC A/DAC B 
DGND WR 5 Pi 
DAC A/DAC B cS ‘ (MSB) DB7 
(MSB) DB7 DBO (LSB) 7 — 
DB6 DBI ‘ 
DBS DB2 . 
DB4 DB3 10 
20 Pin PDIP (0.300’’) 20 Pin SOIC (Jedec, 0.300’’) 20 Pin PLCC 
N20 $20 P20 


PIN OUT DEFINITIONS 


ee ee 


Analog Ground Data Input Bit 3 

Current Output of DAC A Data Input Bit 2 

Internal Feedback Resistor of DAC A Data Input Bit 1 
Reference Input Voltage of DAC A Data Input Bit 0 (LSB) 
Digital Ground Chip Select (Active Low) 
DAC selection control Write Enable (Active Low) 


Power Supply 


Data Input Bit 7 (MSB) 


Reference Input Voltage of DAC B 


Data Input Bit 6 
Internal Feedback Resistor of DAC B 


Data Input Bit 5 
Current Output of DAC B 


Data Input Bit 4 
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ELECTRICAL CHARACTERISTICS 
(Vpp = 4.5 V to 5.5 V, Nominal Vpp = 5 V, Veer = 10 V unless otherwise noted) 


pe Tmin to Tmax 
Parameter ie oe ee | Max Test Conditions/Comments 


STATIC STATIC PERFORMANCE’ 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 

J 

K 


Differential Non-Linearity 
J 
K 


Gain Error 
a 
K 


Gain Temperature Coefficient? 


Power Supply Rejection Ratio 


Output Leakage Current 
DYNAMIC PERFORMANCE? 


Harmonic Distortion 
Digital Crosstalk 
AC Feedthrough 
VrReEFA to louta 
Vrere to louts 
Channel-to-Channel Isolation 
VreFa to louts 


Vrere to louta 
Glitch Energy 


Current Settling Time 
Propagation Delay 


REFERENCE INPUT 


Input Resistance 
Input Resistance Matching 


DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


4-99 


End Point Linearity Spec. 


All grades monotonic over full 
temperature range. 


Using Internal Reg 


AGain/ATemperature 


|[AGain/AVppl, AVpp =+5% 
Vpp = 4.75 V, +5%, & 5.25 V 45% 


Vin = 6Vams @ 1 KHz 


All zeros to all ones Input Change. 
To 1/2 LSB,R_=100Q, Cext=13pF 
From 50% of digital input to 90% 
of final analog output current 

R, =100Q, Cext=1 3pF 


MP7529B 


ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 

Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 
ANALOG OUTPUTS2 
Output Capacitance 

CoutTa/B 120 120 DAC inputs all 1’s 

CouTA/B 50 50 DAC inputs all 0’s 
POWER SUPPLY 
Supply Current 1 1 All digital inputs = 0 V or 5 V 

ze 2 All digital inputs = Vit or Vin 


TIMING SPECIFICATIONS4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
DAC Select to Write Set-Up Time 
DAC Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width® 


NOTES: 

1 Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below GND or exceed the positive supply voltage, otherwise damage may occur. 
4 See timing diagram. 
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twr = 40ns minimum if tpy > 15ns (@T = 25°C) 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Vop TOT oxeue sinuses Vocewseessauassenwis 0 to+7V VRFBA; VRFEBB PPI ceiceshverdeseeuansavecewss +25 V 
AGND 16 DGND «0.0 cciw edd deade ns pane swoaas ee +1V Storage Temperature ................. —65°C to +150°C 
(Functionality Guaranteed +0.5 V) Lead Temperature (Soldering, 10 seconds) ...... +300°C 
Digital Input Voltage to GND .... GND-—-0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

louta, loutp to GND ........... GND —0.5 to Vpp +0.5 V POI, SOIC, FUGG of ss0neacrhieies cn denoeds 900mW 
VREFA; VREFB (OGG genoke crower dcnwedas sees nns +25 V Derates above 75°C ...............0000058. 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 GND refers to AGND and DGND. 
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DIGITAL INTERFACE 
The digital inputs are designed to be both TTL and 5 V CMOS 
compatible. All logic inputs are static protected MOS gates with 
typical input currents of less than 10nA. 
The control input DAC A/DAC B selects which DAC can ac- 


cept data from the input port. Inputs CS and WR control the op- 
erating mode of the selected DAC (Table 1.). When CS andWR 


: 'CH ae 
cs ee 
tas tAHI 
DAC A/ | VALID. |) 
DAC B 
twrR 
WR a 
tos tbH 
DB7-DBO VALID 
NOTE: 


1. Timing measured from (Viy + Vj.) /2 


Figure 1. Write Cycle Timing Diagram 


MICROPROCESSOR INTERFACE 


Data Bus 


*Analog circuitry has been omitted for clarity 
**A = Decoded 7529B DAC A Address 
*** + 1 = Decoded 752B9 DAC B Address 


Figure 2. MP7529B Dual DAC to 6800 
CPU Interface 


MP7529B 


are both low the selected DAC is in the write mode. The input 
data latches of the selected DAC are transparent and its analog 
output responds to activity on DBO-DB7 (Write mode). The se- 
lected DAC latch retains the data which was present on 
DBO-DB7 just prior to CS or WR assuming a high state. Both 
analog outputs remain at the values corresponding to the data in 
their respective latches (Hold mode). 


DAC A/ 
DAC B DAC B 


L = Low State 


H 


X = Don’t Care 


High State 


Table 1. DAC’s Mode Selection 


NOTE: 
8085 instruction shld (store H & L direct) can update 
both DACS with data from H and L registers 


Address Bus 


ADDR/Data Bus 


“Analog circuitry has been omitted for clarity 
**A = Decoded 7529B DAC A Address 
***A + 1 = Decoded 7529B DAC B Address 


Figure 3. MP7529B Dual DAC to 8085 
CPU Interface 
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PERFORMANCE CHARACTERISTICS 


Relative Accuracy (LSB) 


0 32 ~—s«64 96 128 160 192 224 256 
Digital Code 


—— DAC A= DAC B 


Graph 1. Relative Accuracy vs. Digital Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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MP7533 


15 V CMOS 
Multiplying10-Bit 


fm EXAR 
/N Digital-to-Analog Converter 
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FEATURES BENEFITS 

e 10-Bit Resolution e Accurate Converter at Low Cost 

e Non-Linearity: 1/2 LSB to 2 LSB e Can be used in Reverse Mode (Voltage Out) 
e Nonlinearity Tempco: 0.2 ppm of FSR/°C, Max. e Flexible Design 

e Low Power Dissipation: 20 mW 

e Current Settling Time: 500 ns APPLICATIONS 

e Feedthrough Error: 1 mV p-p @ 10 kHz, Max. ¢ Digital/Analog Multiplication 

¢ TTL/CMOS Compatible e Character Generation 

¢ Latch-Up Free e Programmable Power Supplies 

e Improved Replacement for AD7533 © Gain Controlled Circuits 

GENERAL DESCRIPTION Pin and functional equivalent to the industry standard 


MP7520, the MP7533 is recommended as a lower cost alterna- 


The MP7533is alow cost, 10-bit multiplying Digital-to-Analog _—‘"!V@ for old MP7520 sockets or new 10-bit DAC designs. 


Converter. This device uses EXAR’s patented advanced thin The MP75383 applications include: digital-to-analog multipli- 
film resistor and CMOS technologies, providing up to 10-bit ac- cation, CRT character generation, programmable power sup- 
curacies with TTL/CMOS compatibility. plies, digitally controlled gain circuits, etc. 


SIMPLIFIED BLOCK DIAGRAM 


f] 

' ] 

i 

2 to 3 Decoder ' 
ae ' 


Switch Drivers & Switches 


BIT 1 BIT 10 
MSB LSB 


3 Segment D/A Converter with Termination to DGND 
Logical “1” at Digital Input Steers Current to Ioyt; 


MP7533 
OER: es aa 


ORDERING INFORMATION 


Plastic Dip 


Plastic Dip 
SOIC 
SOIC 


Ceramic Dip | —55to+125°C | MP7533UD* + 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louTt Rep 
louT2 VREF 
GND Vop Soe 
(MSB) BIT 1 BIT 10 (LSB) Pin Out 
BIT 2 BIT 9 at Left 
BIT 3 BIT 8 
BIT 4 BIT 7 
BIT 5 BIT 6 
16 Pin CDIP, PDIP (0.300’’) 16 Pin SOIC (Jedec, 0.300’) 
D16, N16 S16 


PIN OUT DEFINITIONS 


Current Output 1 Data Input Bit 6 
Current Output 2 Data Input Bit 7 
Ground Data Input Bit 8 
Data Input Bit 1 (MSB) Data Input Bit 9 


Data Input Bit 2 Data Input Bit 10 (LSB) 


Data Input Bit 3 Positive Power Supply 
Data Input Bit 4 Reference Input Voltage 


Data Input Bit 5 Internal Feedback Resistor 
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MP7533 


ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Veer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
A, S,J 


Differential Non-Linearity 
A, S,J 
B, TK 
GC, U,L 
Gain Error 
Gain Temperature Coefficient? 
Power Supply Rejection Ratio 
Output Leakage Current 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 
Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS 


Output Capacitance 


POWER SUPPLY4 
Functional Voltage Range 


Supply Current 
Total Dissipation 


NOTES: 


FSR = Full Scale Range 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


I+ I+ 1+ 
ee ee 


Using Internal Reg 
AGain/ATemperature 


|[AGain/AVppl AVpp = + 5% 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 or all=5 V 


{ Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested 

3 Digital Input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


WOR IOTEAND 6 cascegaid sd a 0E 6am byenns nwebesees +17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND —0O.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1; lout2 toGND ................ —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Weer tOGN woccncnenvesewdedvuwenenenweeaxoue +25 V CDIF, PDIP, SOI, PLIGG ccccaneveanenceun 700mMW 
Were tOQaND ccrcarcedvediawenseascenaeceuSs aces +25 V Derates above 75°C .................0005 10mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
lie a ser the supplies of less than 20mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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FEATURES 


e Full Four Quadrant Multiplication 
e 12-Bit Linearity 


MP7541 


15 V CMOS 
Multiplying 12-Bit 
Digital-to-Analog Converter 


APPLICATIONS 


e Industrial Automation 
e Automatic Test Equipment 


e Guaranteed Monotonic; All Grades; All Temperatures. e Disk Drive Servo Systems 


e TTL/15 V CMOS Compatible 
e Stable, More Accurate Decoded Architecture 
—- 2.0 ppm/°C Typ. Gain Error Tempco 
—- 0.2 ppm/°C Max. Linearity Tempco 
— Lowest Sensitivity to Output Amplifier Offset 
e Latch-Up Free 
e Use MP7541B for New Designs 


GENERAL DESCRIPTION 


The MP7541 is a 12-Bit Digital-to-Analog Converter which is 
manufactured using EXAR’s patented advanced thin film resis- 
tor and double metal CMOS process. The MP7541 incorporates 
a bit decoding technique yielding lower glitch, higher speed and 
excellent accuracy over temperature and time. The MP7541 
outstanding features are: 


SIMPLIFIED BLOCK DIAGRAM 


Vpp 


VREF 


a 


Switch Drivers 


e Digital/Synchro Conversion 

e Programmable Gain Amplifiers 
e Ratiometric A/D Conversion 

e Function Generation 

e Digitally Controlled Filters 


Stability: Both Integral-Non-Linearity and Differential-Non- 
Linearity are rated at 0.2 ppm/°C maximum. Monotonicity is 
guaranteed over the entire temperature range. Gain Tempera- 
ture Coefficient (TCGE) is 2.0 ppm/°C typical. 


Lower Sensitivity to Output Amplifier Offset: Multiplying 
DACs provide an output current into a virtual ground of the out- 
put op amp. Additional linearity error caused by the op amp is 
reduced by a factor of 2 in the MP7541 versus conventional 
R-2R DACs. 


GND BIT1 BIT2 BIT 3 
(MSB) 
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BIT 4 BIT 12 
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ORDERING INFORMATION 


Case ee] noe [te | os [ee 

Type Range (LSB) (LSB) (% FSR) 

| soc | ~40to+85°c | mprsatis | +t | st 

| Ceramic Dip_| -40t0+85°C | mpzsaiap_ | st | st 

| Ceramic Dip_| -55to+125°C | pzsaiso> | +1 | st | ts 
rr a 
pet 
Pe 
Pt 
Pte 


C a1 
C = 
C +1 
°C #4 
11/2 
28 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louTt Rep louTt 1¢ Rep 
lout2 VREF louT2 2 VREF 
GND Vpp GND 3 Vop 
(MSB) BIT 1 BIT 12 (LSB) (MSB) BIT 1 4 BIT 12 (LSB) 

BIT 2 BIT 11 BIT 2 5 BIT 11 
BIT 3 BIT 10 BIT 3 6 BIT 10 
BIT 4 BIT 9 BIT 4 7 BIT 9 
BIT 5 BIT 8 BIT 5 8 BIT 8 
BIT 6 BIT 7 BIT 6 9 BIT 7 

18 Pin PDIP, CDIP (0.300”) 18 Pin SOIC (Jedec, 0.300’) 

N18, D18 S18 
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FEATURES 


e ESD Protection: 2000 V Minimum 
e Full Four Quadrant Multiplication 
e Low Glitch Energy 

e 12-Bit Linearity (End-Point) 


44 f 


MP7541B 


15 V CMOS 
Multiplying 12-Bit 
Digital-to-Analog Converter 


oe 


APPLICATIONS 


e Industrial Automation 

e Automatic Test Equipment 
e Disk Drive Servo Systems 

e Digital/Synchro Conversion 


e Guaranteed Monotonic. All Grades. All Temperatures. e Programmable Gain Amplifiers 


e TTL/5 V CMOS Compatible 
e Stable, More Accurate Segmented Architecture 
—- 2.0 ppm/°C Typ. Gain Error Tempco 
—- 0.2 ppm/°C Max. Linearity Tempco 
— Lowest Sensitivity to Output Amplifier Offset 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP7541B is a pin-compatible replacement which offers 
superior performance in latch-up and ESD protection versus the 
comparable 7541 and 7541A. The high ESD protection will re- 
duce failures caused by mishandling. These devices are manu- 
factured using patented advanced thin film resistors on a double 
metal CMOS process which result in ultra stable thin film and su- 
perior long life reliability and stability. The MP7541B incorpo- 
rates a bit decoding technique yielding lower glitch, higher 


e Ratiometric A/D Conversion 
e Function Generation 
e Digitally Controlled Filters 


speed and excellent accuracy over temperature and time. The 
MP7541B’s outstanding features are: 


Stability: Both Integral Non-Linearity (INL) and Differential- 
Non-Linearity (DNL) are rated at 0.2 ppm/°C maximum. 
Monotonicity is guaranteed over the entire temperature range. 
Gain Temperature Coefficient (TCGE) is 2.0 ppm/°C typical. 


Lower Sensitivity to Output Amplifier Offset: Multiplying 
DACs provide an output current into a virtual ground of the out- 
put op amp. Additional linearity error caused by the op amp is 
reduced by a factor of 3 in the MP7541B versus conventional 
R-2R DACs. 


SIMPLIFIED BLOCK DIAGRAM 


VreEF Y 


a ae 


% ® 
BIT 2 


GND BIT 1 
(MSB) 


Switch Drivers 


BITS BIT4<-=~- BIT? 


(LSB) 
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ORDERING INFORMATION 


PIN CONFIGURATIONS 


SOIC 


louTt 


lout2 
GND 


(MSB) BIT 1 


BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 


Plastic Dip —40 to+85°C | MP7541BKN 
Plastic Dip —40 to +85°C MP7541BUN 
1) 


-40 to +85°C | MP7541BKS +4/2 44/2 


—40 to +85°C MP7541BJS 


*Contact factory for non-compliant military processing 


Rep 
VREF 
Vpp 


BIT 11 
BIT 10 
BIT 9 
BIT 8 
BIT 7 


18 Pin PDIP, CDIP (0.300”) 


N18, D18 


PIN OUT DEFINITIONS 


| NAME | DESCRIPTION 


Current Output 1 
Current Output 2 
Ground 

Data Input Bit 1 (MSB) 
Data Input Bit 2 

Data Input Bit 3 

Data Input Bit 4 

Data Input Bit 5 

Data Input Bit 6 


BIT 12 (LSB) 


louTi 


louT2 
GND 


(MSB) BIT 1 


BIT 2 
BIT 3 
BIT 4 
BIT 5 
BIT 6 


oO ON DA FF WO DY = 


See Packaging Section for Package Dimensions 


Ree 

VREF 

Vpp 

BIT 12 (LSB) 
BIT 11 

BIT 10 

BIT 9 

BIT 8 

BIT 7 


18 Pin SOIC (Jedec, 0.300”) 


S18 


[PINNO.| NAME | DESCRIPTION 


Data Input Bit 7 

Data Input Bit 8 

Data Input Bit 9 

Data Input Bit 10 

Data Input Bit 11 

Data Input Bit 12 (LSB) 


Positive Power Supply 


Reference Input Voltage 


Internal Feedback Resistor 


he” EXAR upreate 


ELECTRICAL CHARACTERISTICS 
Vpp = + 15 V, Veer = +10 V, Iouti1 = lout2 = GND = 0 V Unless Otherwise Noted. 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


End Point Linearity 


Integral Non-Linearity 
(Relative Accuracy) 
K, T 

J,s 


All grades 
monotonic over full 
temperature range. 


Differential Non-Linearity 
K, T 
JS 


Using Internal Reg 


Gain Error 
K, T 
Jo 


Gain Temperature Coefficient@ AGain/ATemperature 


[AGain/AVppl 
AVpp =+5% 


Power Supply Rejection Ratio 


Digital Inputs = 0 or 5 V 


Output Leakage Current 


DYNAMIC PERFORMANCE? RL=100Q, Cey7=13pF 


Full scale change 


Current Settling Time 


to 1/2 LSB 
AC Feedthrough at louri Vref = 20 V p-p 

10kHz, Sinewave 
Glitch Energy 00--0 to 11--1 

Input Change 
Propagation Delay From 50% of digital 


input to 10% of final 
analog output 
current 


REFERENCE INPUT 


Input Resistance 


DIGITAL INPUTS 


VIH 
ViL 
HiNH> HNL 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 

Data 


ANALOG OUTPUTS? 


Output Capacitance 


DAC all 1’s 
DAC all 0’s 
DAC all 1’s 
DAC all 0’s 


POWER SUPPLY? 


Functional Voltage Range 
Supply Current 


All Digital Inputs = 0 or 5 V 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 


1 Full Scale Range (FSR) is 10V for unipolar mode. 
2 Guaranteed but not production tested. 
3 Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


VopOGND cccccecatectepiseueesxcenenn’s 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage toGND .... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1: lout2toGND ........... GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Vaerto GND ........ccccccccccceeeceeeeeeeee. 425 V CDIP, PDIP, SOIC ...........-..0ee cee eee 850mW 
Veee (0 GND -sccscccuveecreeuderedannnaxavssces +25 V Derates ab0VE 75°C cnsccnxensacuneweannac 11mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 20mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


PERFORMANCE CHARACTERISTICS 


— 


ae ene 
5 0.25 
ee 
© -0.25 

es ee 


0 1024 2048 3072 4096 
Digital Input Code 


Graph 1. Linearity Error vs. 
Digital Input Code 
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FEATURES 


e 12-Bit DAC with a 4-Bit Parallel Address for 4 & 8-Bit 


Microprocessor or Microcontroller Interface 
e Nonlinearity +1/2 LSB Tmin to Tmax 
e Latch-Up Free 
e Low Sensitivity to Output Amplifier Vos 
e Low Output Capacitance 


MP7542 


5 V CMOS 
4-Bit Input, 12-Bit 
Digital-to-Analog Converter 


e +5 V Supply Operation 

e Low Power Consumption: 40mW Max. 
e Low Cost 

e Serial Version: MP7543 


GENERAL DESCRIPTION 


The MP7542 is a precision, 12-bit CMOS 4-quadrant multi- 
plying Digital-to-Analog Converter designed for direct interface 
to 4 and 8-bit microprocessors. 


The MP7542 consists of three 4-bit registers, a 12-bit DAC 
register, address decoding logic, and a 12-bit CMOS multiplying 
DAC. Data is loaded into the data registers in three 4-bit nibbles 
and subsequently transferred to the 12-bit DAC register. All data 
loading or data transfer operations are identical to the WRITE 


SIMPLIFIED BLOCK DIAGRAM 


12-Bit Multiplying DAC 


12- | 12BRDAC Resistor DAC | 12BRDAC Resistor 


M- oe be 

Data 

AO ree || skh 
fae 


qa 8 


cycle of astatic RAM. A CLEAR input allows the 12-bit DAC reg- 
ister to be reset to all zeros. 


The MP7542 is manufactured using advanced thin-film on 
monolithic double metal CMOS fabrication process. A unique 
decoding technique is utilized yielding excellent accuracy and 
stability. 


The MP7542 reduces the additional linearity errors due to 
output amplifier offset to only 330LLV per millivolt of offset versus 
670 UV for the standard R-2R ladder CMOS DACs. 


Vpp 
i ae 


L- ae hy 


DBO (LSB) 
DBI 
DB2 


DB3 (MSB) 
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ORDERING INFORMATION 


Pe Pee [me oe 
Type Range (LSB) (LSB) (LSB) 
“1 214. 

£14. 

£14. 

+ 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


1 
2 
3 
4 
5 
6 
4 
8 


16 Pin CDIP, PDIP (0.300”) 16 Pin SOIC (Jedec, 0.300”) 
D16, N16 S16 


PIN OUT DEFINITIONS 


/PINNO.| NAME _ DESCRIPTION 
1 


DAC current output. Normally 
terminated at op amp. 


[PINNo.| NAME | DESCRIPTION 
8 cs 


Chip Select Input 


Write Input 
DAC current output. Normally 


terminated at ground. Address Bus Input 


Analog Ground Address Bus Input 


Digital Ground 


Data Input Bit 3 (MSB) 
Data Input Bit 2 
Data Input Bit 1 
Data Input Bit 0 (LSB) 


Clear Input 


+5 V Supply Input 


Reference Input 


DAC Feedback Resistor 


Vif Jf 7 f f 7 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Veer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J, A, S 
K, B, T 


Differential Non-Linearity 
J,A,S 
K, B, T 


Gain Error 
J, A, S, K, B, T 


Gain Temperature Coefficient? 


Power Supply Rejection Ratio 
Output Leakage Current 
DYNAMIC PERFORMANCE 


Current Settling Time 
AC Feedthrough at loyt1° 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 
Logical “1” Voltage 
Logical “0” Voltage 


Input Leakage Current 
Input Capacitance? 


ANALOG OUTPUTS 


Output Capacitance? 


POWER SUPPLY 


Supply Voltage® 
Supply Current 


VF rv20 ff ff 7 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


Monotonicity 

11 Bits Guaranteed 
12 Bits Guaranteed 
Using Internal Rep 


AGain/ATemperature 


|[AGain/AVpp| AVpp = + 5% 


R,=100Q, C,=13pF 


Full Scale Change to 1/2 LSB 
Vref = 10kHz, 20 Vp-p, sinewave 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V or all=5 V 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol | Min Typ Max Min Max 


SWITCHING 
CHARACTERISTICS2: 4 


WR Pulse Width 

Address to WR Hold Time 

CS to WR Hold Time 

CLR Pulse Width 

Byte Loading, CS to WR Setup 

Byte Loading, Address to WR Setup 
Byte Loading, WR to Data Setup 
Byte Loading, WR to Data Hold 
DAC Loading, CS to WR Setup 
DAC Loading, Address to WR Setup 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


ah wWD — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


TOG NS wesceredaeed sa haduntceendaareesecews +7V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —-0.5 to Vpp +0.5 V 
louti, loyta to GND ........... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
Her . ri a cesta Sete S heey ree nena nite Package Power Dissipation Rating to 75°C 

BER LONAINL (2) asker ete eee seen eae eens nemenes + 
AGND to DGND .........0..00cc0ceeeeeeeeeeeeees +1V GDIE, PDIF, BOIG cas asecnknsnverenranean ns 700mW 
(Functionality Guaranteed +0.5 V) Derates above 75°C .............0. cece 10mW/°C 
NOTES: 
L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 

3 GND refers to AGND and DGND. 


¥% EXAR --- MP7542 


k——— ADDRESS BUS VALID ———————> 
AO - Al VINH 
VINL 
— tawst tAWH > 
cs 
— tcwsi tCWH —— Fy 


VINH 
VINL 


twr 
WR 
tcws2 <— tos — k— tH 
DB3 - DBO VINH x x< 
VINL 


| DATA | 
BUS VALID 


Figure 1. Timing Diagram 


MP7542 Control Inputs 
Ao 


MP7542 i 
ia a 


Load applicable 
data register 
with data at 

Do - D3 


NOTES 
1. 1 indicates logic HIGH 
2. Oindicates logic LOW 
3. X indicates don’t care 
4. J indicates LOW to HIGH transition 
5. MSB XXXX XXXX XXXX LSB 
high middie low 
byte byte byte 
6. Although positive-going edge of either CS or WR will load data register, timing is optimized by using WR to 
latch data and using CS as a device enable. 


Table 1. Truth Table 


Vin. f J 7 f ff 
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APPLICATION NOTES 
Refer to Section 8 for Applications Information 


Interface Logic Information 


The MP7542 is designed to interface as a memory-mapped 
output device. 


A typical system configuration is shown below. CS is the de- 
coded device address, and is derived by decoding the 14 higher 
order address bits. AO and A1 are the MP7542 operation ad- 
dress bits, and are decoded internally in the MP7542 to point to 
the desired loading operation (i.e. load high byte, middle byte, 
low byte or DAC register). See Table 7. 


All data loading operations are identical to the write cycle of a 
RAM. 


Additionally, the CLR input allows the MP7542 DAC register 
to be cleared asynchronously to 0000 0000 0000. When operat- 


8085 
or comparable 


ADDR/DATA 


FROM SYSTEM RESET 


ADDRESS BUS (16) 
A0-15 


Gene 


Te 


ing the MP7542 in a unipolar mode a CLEAR sets the DAC out- 
put to zero scale output. In the bipolar mode a CLEAR causes 
the DAC output to go to —Vrer. 


In summary: 


1. The MP7542 DAC register can be asynchronously 
cleared with the CLR input. 


2. Each MP7542 requires only 4 bits of memory. 


3. Any of the four basic loading operations (i.e. load low 
byte data register, middle byte data register, high byte 
data register or 12-bit DAC register) are accomplished 
by executing amemory WRITE operation to the applica- 
ble address location for the required DAC operation. 


A2-15 ADDRESS (16) 


DECODED A2 - 15 
USED AS 
CHIP SELECT 


DATA (8) 


DB3 
DB2 
DB1 


MP7542 


DBO CLR 


Figure 2. 8085/MP7542 Interface (Memory Mapped Output) 
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FEATURES 


e 12-Bit DAC with Serial Digital Input Interface 
e Nonlinearity +1/2 LSB from Tmin to Tmax 

e Lowest Sensitivity to Amplifier Vos 

e Low Output Capacitance 

e Full 4-Quadrant Multiplication 

e Latch-Up Free 

e Asynchronous CLEAR Input 

e Serial Load On Positive or Negative Strobes 
e +5 V Supply Operation 

e 3 V Version: MP75L43 

e 4-Bit Parallel Version: MP7542 


GENERAL DESCRIPTION 


The MP7543 is a precision, 12-bit CMOS 4-quadrant multi- 
plying Digital-to-Analog Converter designed for serial interface 
applications. 


The MP7543 consists of two 12-bit registers, control logic and 
a 12-bit multiplying D/A converter. The input register (register A) 
is a 12-bit serial-in parallel-out shift register. Serial data at the 
SR1 pinis clocked into Register A on the leading or trailing edge 
(user selected) of the strobe input, with the MSB loaded first. 
Register B is a 12-bit parallel-in parallel-out register that follows 
register A. The contents of register A are loaded into register B 


SIMPLIFIED BLOCK DIAGRAM 


y Rv 20 fF fF fF ff ff / 


Ma Ff 


MP7543 


5 V CMOS 
Serial Input 12-Bit 
Digital-to-Analog Converter 


Sol 


BENEFITS 


e Compatible with Serial Addressing Systems 


under control of the Load inputs. 

A CLEAR input is provided for the asynchronous resetting of 
register B to all 0’s. 

The MP7543 is manufactured using an advanced thin film 
monolithic CMOS fabrication process. A unique decoding tech- 
nique is utilized yielding excellent accuracy and stability. 12-bit 
linearity is achieved without laser trimming. 

The MP7543 reduces the additional linearity errors due to 
output amplifier offset to only 330 LV per millivolt of offset - half 
the value of a standard R-2R CMOS DAC design approach. 


Rep 
Y lout 


lout2 
AGND 


SRI 


Vpp 
DGND 
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ORDERING INFORMATION 


Temperature Gain Error 
Range (LSB) 


£14 
#172 
#2 
£145 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


See 
Pin Out 


at Left 


16 Pin CDIP, PDIP (0.300”’) 16 Pin SOIC (Jedec, 0.300”) 20 Pin PLCC 
D16, N16 $16 P20 


Vin0f Jf 7 J 7 ff 
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PIN OUT DEFINITIONS 


PDIP, CDIP and SOIC 


et DESCRIPTION 


DAC current output pin. Normally 
terminated at op amp virtual ground. 


DAC current output pin. Normally 
terminated at AGND. 


Analog Ground. 
Register A Strobe 1 input, See Table 7. 


DAC Register B Load 1 input. When 
LDT and LD2 go low the contents of 
Register A are loaded into DAC 
Register B. 


No Connection. 


Serial Data Input to Register A. 


Register A Strobe 2 input, See Table 7. 


DAC Register B Load 2 input. When 
LDT and LD2 go low the contents of 
Register A are loaded into DAC 
Register B. 


Register A Strobe 3 input, See Table 7. 
Register A Strobe 4 input, See Table 7. 
Digital Ground. 

Register B CLEAR input (active 

LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000. 
+5 V Supply Input. 


Reference input. Can be positive or 
negative DC voltage or AC signal. 


DAC Feedback Resistor. 


PLCC 


MP7543 


No Connection. 


DAC current output pin. Normally 
terminated at op amp virtual ground. 


DAC current output pin. Normally 
terminated at AGND. 


Analog Ground. 
Register A Strobe 1 input, See Table 7. 
No Connection. 


DAC Register B Load 1 input. When 
LD1 and LD2 go low the contents of 
Register A are loaded into DAC 
Register B. 


No Connection. 

Serial Data Input to Register A. 
Register A Strobe 2 input, See Table 7. 
No Connection. 


DAC Register B Load 2 input. When 
LD1 and LD2 go low the contents of 
Register A are loaded into DAC 
Register B. 


Register A Strobe 3 input, See Table 7. 
Register A Strobe 4 input, See Table 17. 
Digital Ground. 

No Connection. 

Register B CLEAR input (active 

LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000. 
+5 V Supply Input. 


Reference input. Can be positive or 
negative DC voltage or AC signal. 


DAC Feedback Resistor. 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Veer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 
Integral Non-Linearity 
(Relative Accuracy) 
J,A,S 
K, B, T 
Differential Non-Linearity 
J,A,$S 
K, B, T 


Gain Error 
J, A, K, B, S, T 


Gain Temperature Coefficient@ 
Power Supply Rejection Ratio 
Output Leakage Current 

J, K, A, B 

S,T 
DYNAMIC PERFORMANCE 


Current Output Settling Time? 


AC Feedthrough at Iqyt12 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS2 


Output Capacitance 


POWER SUPPLY 
Supply Voltage 


Supply Current 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


Monotonicity: 
11 Bits Guaranteed 
12 Bits Guaranteed 


Using Internal Reg 


AGain/ATemperature 


|AGain/AV ppl AVpp = + 5% 


R, =100Q, C,=13pF 

Full Scale Output Settles to 

1/2 LSB of Final Value 

VreF = 10KHz, 20 Vp-p, sinewave 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


Vpp = +5 V +5% for specified 
performance 
All digital inputs = 0 V or all =5 V 


TOM 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


SWITCHING 
CHARACTERISTICS2: 4 


Serial Input to Strobe Set-up Time STB1 used as a strobe 
Serial Input to Strobe Set-up Time STB4 used as a strobe 
Serial Input to Strobe Set-up Time STB3 used as a strobe 
Serial Input to Strobe Set-up Time STB2 used as a strobe 
Serial Input to Strobe Hold Time STB1 used as a strobe 
Serial Input to Strobe Hold Time STB4 used as a strobe 
Serial Input to Strobe Hold Time STB3 used as a strobe 
Serial Input to Strobe Hold Time STB2 used as a strobe 
SRI Data Pulse Width 
STB1 Pulse Width 
STB4 Pulse Width 
STB3 Pulse Width 
STB2 Pulse Width 
Load Pulse Width 
Minimum time between strobing 

Reg. A and loading Reg. B , 
CLR pulse width 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 
Guaranteed but not production tested. 
Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


See timing diagram. 


fF WN — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Vow (OGD  sccontassurewiscecaaveeewereeecantses +7V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —0.5 to Vpp +0.5 V 

louti, lour2 to GND ........... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
tad . ae a LS a Eee eee hes eee e ere Ss — V Package Power Dissipation Rating to 75°C 
AGND 10 DGND 22S OBIE PIP, BOIG PLO. evsseracciayreants 7oomW 
(Functionality Guaranteed +0.5 V) 7 Derates above 75°C .cicnsavasevencvnenes 10mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 GND refers to AGND and DGND. 
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TIMING DIAGRAM 


SR1 


tps1, tose, tosa 


Strobe Input 
(STB1, STB2, STB4 
(Note) 


tsTB4 
a LOADING REGISTER A ns 
tasB <K—>| 
2 
[DT AND LD2 tLo1 


tLp2 


Note: . Loading Register B 

Strobe Waveform is Inverted if with Contents of Register A 
STB3 is Used to Strobe Serial Data Bits 

into Register A 


MP7543 Logic Inputs 


Register A Control Inputs Register B Control Inputs MP7543 Operation 
s1B4_STB3_sTB2_sTB1_| CLR [D2 _LDi_ 


Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 


No Operation (Register A) 


No Operation (Register B) 


Load Register B with the contents of Register A 3 
NOTES 


1. CLR =0 Asynchronously resets Register B to 0000 0000 0000, but has no effect on Register A. 
2. Serial data is loaded into Register A MSB first, on edges shown _/‘is positive edge, “is negative edge. 
3. 0=Logic LOW, 1 =Logic HIGH, X = Don’t Care. 


Table 1. Truth Table 


y Rev. 20 6 ff ff ff ff T@)M 
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APPLICATION NOTES 
Refer to Section 8 for Applications Information 


ADDRESS BUS (16) 


OE 
E3 
E2 
V/ 
(8) 


ADDRESS BUS (16) 
AO-15 


E1 
bf] 
8205 


® E3 
. HA - 


ADDRESS (16) ADDRESS (16) 


DECODER 8205 DECODER 


Faced - im 
—_ —_ 
STBS 
FROM SYSTEM RESET FROM SYSTEM RESET 
Figure 1. MP7543 8085 Interface Figure 2. MP7543 MC6800 Interface 
Digital Input 
ao 
69) 
= 
~~ 
Oo 
© 
=> 
O 
oO 
< 
o 
> 
® 
i) 
or 
0 1024 2048 3072 4096 
Digital Code 
Figure 3. Digitally Programmable Graph 1. Relative Accuracy vs. Digital Code 


Gain Amplifier 
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MP7545 


CMOS 
>» ~d EXAIR Buffered Multiplying 12-Bit 
7 N Digital-to-Analog Converter 


/ ff 


FEATURES APPLICATIONS 

e Full Four Quadrant Multiplication e Industrial Automation 

e 12-Bit Resolution e Automatic Test Equipment 

e Gain Error Tempco (2 ppm/C max.) e Disk Drive Servo Systems 

e Latch-Up Free e Digital/Synchro Conversion 

e Single +5 V to +15 V Supply e Programmable Gain Amplifiers 
e Use MP7545B for New Designs e Ratiometric A/D Conversion 

e TTL/15 V VMOS Compatible e Function Generation 


e Digitally Controlled Filters 


GENERAL DESCRIPTION makes the input latches transparent allowing direct unbuffered 
operation of the DAC. 


The MP7545 is particularly suitable for single supply opera- 


The MP7545 is a 12-bit CMOS multiplying Digital-to-Analog toes engin 
tion and applications with wide temperature variations. 


Converter with on-board data latches. It is loaded by a single 
12-bit wide word and interfaces directly to most 12- and 16-bit The MP7545 can be used with any supply voltage from +5 V 
bus systems. Data is loaded into the input latches under the to +15 V. With CMOS logic levels at the inputs the device dissi- 
control of the CS and WR inputs; tying these control inputs low pates less than 0.5 mW for Vpp = +5 V. 


SIMPLIFIED BLOCK DIAGRAM 


12-Bit 
Multiplying DAC 


Input Data 
Latches 


DB11-DBO 


TOM’ 
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ORDERING INFORMATION 


eee ne [| [oe 
Type Range (LSB) (LSB) Tes 
[ PlasticDip | ~#0t0+85°C | mprsasn [| a2 | aa | 
_PesteDip | —omesse | wereaskn fs gt} gt 
[ Pesicoe | oe nare | yersinw [ave [sr [as 
a a 
| soic | -40to+85°C_| mpzsasks | at 
a 


SOIC —40 to +85°C MP7545LS +1/2 


eeramicp | 010850 | wprsasa [a2 [se 220 

| Ceramicdip | ~a0to+es*c | wersaspp | a1 | es | st 
[ Ceramic dip | -40to+a5°c | mprsasco [wie | a1 | 5 
a ee ee 
| Ceramic Dip_| -85t0+125°C | _mp7sasto | st | et | st 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


AGND Reg 
DGND- lout =—“ Vrer 


louT Rep 1 
AGND VReEF 2 (MSB) DB11 Vop 
DGND Vop ' na 
(MSB) DB11 WR > ees sabi is 
DB10 cs 5 Pj DB9 cs 
DB9 DBO (LSB) 6 
DBS DBI : DB8 DBo (LSB 
DB7 DB2 8 DB7 DBI 
DB6 DB3 , 
DB5 DB4 10 
20 Pin CDIP, PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300’) — S20 20 Pin PLCC 
D20, N20 20 Pin SSOP — A20 P20 
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PIN OUT DEFINITIONS 


Output Current 


Analog Ground 
Digital Ground 
Data Input Bit 11 (MSB) 
Data Input Bit 10 
Data Input Bit 9 
Data Input Bit 8 
Data Input Bit 7 
Data Input Bit 6 
Data Input Bit 5 
Data Input Bit 4 
Data Input Bit 3 
Data Input Bit 2 
Data Input Bit 1 
Data Input Bit 0 (LSB) 
Chip Select (Active Low) 
Write (Active Low) 
Digital Supply Voltage 
Reference Input 


Feedback Resistor 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vref = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max (nc Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) /2 
J,A,S 
K, B, T 
L,C 


Differential Non-Linearity 
J,A,S 
K, B, T 
Lo 


Gain Error Using Internal Reg 
J,A,S 
K, B, T 
L,C 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + [AGain/AVpp| AVpp = + 5% 


Output Leakage Current 
J, Ky b 
A, B, C 
S,T 


DYNAMIC PERFORMANCE? R_=1002, C_=13pF 


Current Settling Time Full Scale Change to 1/2 LSB 

AC Feedthrough at lout - Vrer= 10kHz, 20 Vp-p sinewave. 

Propagation Delay From 50% of digital input to 90% 
of final analog output current 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance 
Data 
Control 


yFev.200 ff ff fj TO)M 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


att Tmin to Tmax 
Rhine Se | Min aE Test Conditions/Comments 


TANALOGOUTPUTS OUTPUTS 


Output Capacitance? 
DAC Inputs all 1’s 


DAC Inputs all 0’s 


POWER SUPPLY® 


Functional Voltage Range 


Supply Current All digital inputs = 0 V or Vpp 


SWITCHING 
CHARACTERISTICS? 4 


Chip Select to Write Set-Up Time 380 270 typ 
Chip Select to Write Hold Time 0 
Data Valid to Write Set-Up Time 210 150 typ 
Data Valid to Write Hold Time 10 
Write Pulse Width 400 280 typ 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


ar wOnMD — 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vaer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE" 


Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) /2 
J,A,S 
K, B, T 
Lo 


Differential Non-Linearity 
J,A,S 
K, B, T 
L,C 


Gain Error Using Internal Reg 
J,A,S 
K,.B, T 
Lo 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + [AGain/AVpp| AVpp = + 5% 


Output Leakage Current 
J,K,L 
A, B, C 
S,T 


DYNAMIC PERFORMANCE?2 R_=100, C.=13pF 


Current Settling Time Full Scale Change to 1/2 LSB 


AC Feedthrough at lout Vref = 10kHz, 20 Vp-p sinewave. 


Glitch Energy Vrer = AGND 
Propagation Delay From 50% of digital input to 90% 
of final analog output current 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current + Vin = 0 or Vpp 
Input Capacitance@ 
DBO-DB11 Vin =0 
WR, cs VIN ='0 


TOM 


ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max 


ANALOG OUTPUTS 


he! Test Conditions/Comments 


Cout 200 200 | pF 


Cout 70 70 | pF 
V 
mA 
ns 
ns 
ns 
aks) 
ns 


Output Capacitance 


DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY® 


Functional Voltage Range 


Supply Current All digital inputs = 0 or Vpp 


Vpp 
Ipp 


SWITCHING 
CHARACTERISTICS? 4 


Chip Select to Write Set-Up Time 200 150 typ 
Chip Select to Write Hold Time 0 
Data Valid to Write Set-Up Time 120 80typ 
Data Valid to Write Hold Time 10 
Write Pulse Width 240 170 typ 


NOTES: 

u Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 See timing diagram. 

5 


Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Von (OGD savas ccredwscntcvaneenowene sas 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND —0O.5 to Vpp +0.5 V e 
lait: lotice I GND caiseordens GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
VeeptoO GND 2) it ccasvoeveusacasinnsseveasuws ns +25 V Package Power Dissipation Rating to 75°C 

Vere tOGND IZ) ccncccnscccdccesserenssexnecuns +25 V CDIP, PDIP, SOIC, PLOG 2.0.0... cee en nee 900mW 
AGND 16 DGND  «cstencevidedéubadsanewrennewns +0.5 V Derates above 75°C ................00005 12mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3. GND refers to AGND and DGND. 
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DATA IN 
(DBO-DB11) 


APPLICATION NOTES 


Figure 1. Write Cycle Timing Diagram 


Refer to Section 8 for Applications Information 


Digital Section 


The digital signals CONTROL and CONTROL are generated 
from CS and WR. 


Figure 2. shows the digital structure for one bit. 


VIN 


ee 


Input Buffers 
CONTROL CONTROL 


The input buffers are simple CMOS inverters designed such 
that when the MP7545 is operated with Vpp = 5 V, the buffers 
To AGND Switch convert TTL input levels (2.4 V and 0.8 V) into CMOS logic lev- 
els. When Vij is in the region of 2.0 V to 3.5 V, the input buffers 
To lout Switch operate in their linear region and draw current from the power 
supply. To minimize power supply currents it is recommended 
that the digital input voltages be as close to the supply rails (Vpp 
and DGND) as is practically possible. 


The MP7545 may be operated with any supply voltage in the 


Figure 2. Digital Input Structure range 5<Vpp< 15 volts. With Vpp = +15 V the input logic levels 


are CMOS compatible only, i.e., 1.5 V and 13.5 V. 


MICROPROCESSOR INTERFACING OF THE Vop +10 V to +15 V 


MP7545 


The MP7545 can interface directly to both 8- and 16-bit mi- 
croprocessors via its 12-bit wide data latch using standard CS 


and WR control signals. 


A typical interface circuit for an 8-bit processor is shown in 
Figure 3. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 4 bits 


of data into the DAC via the latch. 


Vpp Rep 


VREF 


CMOS Data Bus 
Vpp +10 Vto+15V 


Figure 3. Single Supply “Bipolar” 2’s 
Complement D/A Converter 


TOM’ 


4-134 


ADDRESS BUS 
® Oc 
ADDRESS 
DECODE e 


MP7545 


8-BIT DATA BUS 


Oo DECODED ADDRESS FOR DAC 
0, DECODED ADDRESS FOR LATCH 


Figure 4. 8-Bit Processor to MP7545 Interface 


Figure 4. shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bus such as 
6800, 8080, Z80. This technique uses the 12 lower address 
lines of the processor address bus to supply data to the DAC, 
thus each MP7545 connected in this way uses 4k bytes of ad- 


© 


Relative Accuracy (LSB) 


0 1024 


MP7545 


16-BIT ADDRESS BUS 


ADDRESS 
DECODE 


DATA BUS 


Figure 5. Connecting the MP7545 to 8-Bit 
Processors via the Address Bus 


dress locations. Data is written to the DAC using a single mem- 
ory write instruction. The address field of the instruction is or- 
ganized so that the lower 12 bits contain the data for the DAC 
and the upper 4 bits contain the address of the 4k block at which 
the DAC resides. 


2048 3072 4096 
Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 
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FEATURES APPLICATIONS 

e Full Four Quadrant Multiplication e Industrial Automation 

e 12-Bit Resolution e Automatic Test Equipment 

e Gain Error Tempco (2 ppm/°C max.) e Disk Drive Servo Systems 

e Latch-Up Free e Digital/Synchro Conversion 

e Single +5 V to +15 V Supply e Programmable Gain Amplifiers 
e TTL/15 V CMOS Compatible e Ratiometric A/D Conversion 

e Rugged 2000 V ESD Protection e Function Generation 

e 3 V Version: MP75L45 e Digitally Controlled Filters 


e TTL/5 V VMOS Version: MP7645B 


GENERAL DESCRIPTION inputs; tying these control inputs low makes the input latches 
transparent allowing direct unbuffered operation of the DAC. 


The MP7545B is particularly suitable for single supply opera- 
The MP7545B is a 12-bit CMOS multiplying DAC with on- _ tion and applications with wide temperature variations. 
board data latches. It is loaded by a single 12-bit wide word and The MP7545B can be used with any supply voltage from +5 V 
interfaces directly to most 12- and 16-bit bus systems. Datais to +15 V. With CMOS logic levels at the inputs the device dissi- 
loaded into the input latches under the controlofthe CS andWR__Sspates less than 0.5 mW for Vpp = +5 V. 


SIMPLIFIED BLOCK DIAGRAM 


12-Bit 
Multiplying DAC 


Input Data 
Latches 


DB11-DBO 
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ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
—— Laie Leer (LSB) Leh! 


ee ee 
ee 
[~soic | -a0v0a5%¢ | wprsesms | ave [ar [ae 
[rice | 10101850 | prsasexe | a1 | ari 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


AGND Reg 
DGND) lout =-“VreF 


lout Rep 1 
AGND VREF 2 Vop 
DGND Vop 3 
(MSB) DB11 WR 4 See bal 
DB10 (ers) 5 Pi cS 
DB9 DBO (LSB) 6 
DB8 DB1 3 DBO (LSI 
DB7 DB2 : — 
DB6 DB3 
DB5 DB4 10 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) 20 Pin PLCC 
N20 S20 P20 


PIN OUT DEFINITIONS 


“aener  # ##°°| °° ~(C Current Cais =2~€~«~*~*~*S«s Input Bit 4 

Analog Ground Data Input Bit 3 

Digital Ground Data Input Bit 2 

Data Input Bit 11 (MSB) Data Input Bit 1 

Data Input Bit 10 Data Input Bit O (LSB) 
Data Input Bit 9 Chip Select (Active Low) 
Data Input Bit 8 Write (Active Low) 

Data Input Bit 7 Digital Supply Voltage 
Data Input Bit 6 Reference Input 


Data Input Bit 5 Feedback Resistor 


TOM 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vrer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity 
(Relative Accuracy) 

K 

iL. 


Differential Non-Linearity 
K 
i 


Gain Error Using Internal Rep 
K 
L 


Gain Temperature Coefficient@ + AGain/ATemperature 
Power Supply Rejection Ratio + + [AGain/AVpp| AVpp = + 5% 


Output Leakage Current 
K,L 


DYNAMIC PERFORMANCE? R_=1002, C.=13pF 


Current Settling Time Full Scale Change to 1/2 LSB 

AC Feedthrough at lout Vref =10kKHz, 20 Vp-p sinewave. 

Propagation Delay From 50% of digital input to 90% 
of final analog output current 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


ANALOG OUTPUTS 


Output Capacitance 


DAC Inputs all 1’s 
DAC Inputs all 0’s 


_— T@)M 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


sia Tmin to Tmax 
Parameter Symbol Min Max Test Conditions/Comments 


POWER SUPPLY® 


Functional Voltage Range 


Supply Current All digital inputs = 0 V or Vpp 


SWITCHING 
CHARACTERISTICS2: 4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


a frwWND — 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vref = +10 V unless otherwise noted) 


_ Tmin to Tmax 
eee Bt lsd Min ,_ vin Max Test Conditions/Comments 


STATIC STATIC PERFORMANCE’ _| 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity 
(Relative Accuracy) 

K 

L 


Differential Non-Linearity 
K 
L 


Gain Error Using Internal Reg 
K 
L 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + [AGain/AVppl AVpp = + 5% 


Output Leakage Current 
K,L 


DYNAMIC PERFORMANCE? R_=100Q, C.=13pF 


Current Settling Time Full Scale Change to 1/2 LSB 

AC Feedthrough at lout Vref= 10kHz, 20 Vp-p sinewave. 

Propagation Delay From 50% of digital input to 90% 
of final analog output current 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 
Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current + Vin = 0 or Vpp 
Input Capacitance 
DBO-DB11 Vin = 0 
WR, CS Vin = 0 
ANALOG OUTPUTS 


Output Capacitance 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


POWER SUPPLY® 


Functional Voltage Range 


Supply Current All digital inputs = 0 or Vpp 


SWITCHING 
CHARACTERISTICS2: 4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


NOTES: 

Full Scale Range (FSR) is 10V for unipolar mode and +10V for bipolar. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


a hwnd = 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


We OD nx cee kcetaedeee eines eanadeaens 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND-—0.5 to Vpp +0.5 V , 7 
levers latins t@GND? aicnceoenus GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
WEE UOC 6deccteweds ngs cundanne cess eects wn +25 V Package Power Dissipation Rating to 75°C 

Vera to GND <tvanennni nnd oex ieepereatdrsesee sa +25 V POI, SOG, PLS. ecndesinstnsdhaaen bawaws 900mW 
PGND 16 DENG pcscicxcewndsdveeeee thorsseenss +0.5V Derates above 75°C .............0..00 00. 12mW/°C 
NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 GND refers to AGND and DGND. 
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WRITE CYCLE TIMING DIAGRAM 


—— tes a Vpp 
cs 2... en i 
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0 
on 
DATA IN iG Vpp 


0 
APPLICATION NOTES 

Refer to Section 8 for Applications Information 

Digital Section The digital signals CONTROL and CONTROL are generated 


from CS and WR. 


Figure 2. shows the digital structure for one bit. 
The input buffers are simple CMOS inverters designed such 


that when the MP7545B is operated with Vpp = 5 V, the buffers 
———> To AGND Switch convert TTL input levels (2.4 V and 0.8 V) into CMOS logic lev- 
VIN els. When Vin is in the region of 2.0 volts to 3.5 volts the input 
To lout Switch buffers operate in their linear region and draw current from the 
power supply. To minimize power supply currents it is recom- 
mended that the digital input voltages be as close to the supply 

rails (Vpp and DGND) as is practically possible. 


Input Buffers 
CONTROL CONTROL 


The MP7545B may be operated with any supply voltage in 
Figure 1. Digital Input Structure the range 5 < Vpp < 15 volts. With Vpp = +15 V the input logic 
levels are CMOS compatible only, i.e., 1.5 V and 13.5 V. 


MICROPROCESSOR INTERFACING OF THE Vpp +10 Vto +15 V 
MP7545B 


The MP7545B can interface directly to both 8- and 16-bit mi- 
croprocessors via its 12-bit wide data latch using standard CS 
and WR control signals. 


A typical interface circuit for an 8-bit processor is shown in 
Figure 3. This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 4 bits 
of data into the DAC via the latch. 


CMOS Data Bus 
Vpp +10 V to +15 V 


Figure 2. Single Supply “Bipolar” 2’s 
Complement D/A Converter 
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MP7545B 


DB11 


DB8 
MP7545B 
WR 


8-BIT DATA BUS 


00 DECODED ADDRESS FOR DAC 
O 1 DECODED ADDRESS FOR LATCH 


Figure 3. 8-Bit Processor to MP7545B Interface 


Figure 4. shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bush such as 
6800, 8080, Z80. This technique uses the 12 lower address 
lines of the processor address bus to supply data to the DAC, 
thus each MP7545B connected in this way uses 4k bytes of ad- 


PERFORMANCE CHARACTERISTICS 


VDD=15V 
| BE 


~) 
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oO 


Linearity Error (LSB) 
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3072 
Digital Input Code 


0 1024 2048 


Graph 1. Linearity Error vs. 
Digital Input Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Hilormanon 
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16-BIT ADDRESS BUS 


ADDRESS 
DECODE 


Figure 4. Connecting the MP7545B to 8-Bit 
Processors via the Address Bus 


dress locations. Data is written to the DAC using a single mem- 
ory write instruction. The address field of the instruction is or- 
ganized so that the lower 12 bits contain the data for the DAC 
and the upper 4 bits contain the address of the 4k block at which 
the DAC resides. 
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Graph 2. Linearity Error vs. 
Digital Input Code 
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FEATURES 
e Eight Independent 14-Bit DACs with Output Amplifiers ° 


e Low Power 320 mW (typ.) 


e Serial Digital Data and Address Port (3-Wire Standard) ° 


e 14-Bit Resolution, 12-Bit Accuracy 
e Extremely Well Matched DACs 


e Extremely Low Analog Ground Current (<60uA/Channel) « 


e +10 V Output Swing with +11.4 V Supplies 
e Zero Volt Output Preset (Data = 10 .. 00) 

e Rugged Construction — Latch-Up Free 

e Parallel Version: MP7611 


MP7610 


Octal 14-Bit DAC Array™ 
D/A Converter with Output Amplifier 


and Serial Data/Address uP Control Logic 


APPLICATIONS 


Data Acquisition Systems 
e ATE 

Process Control 

e Self-Diagnostic Systems 
e Logic Analyzers 

Digital Storage Scopes 

e PC Based Controller/DAS 


GENERAL DESCRIPTION 


The MP7610 provides eight independent 14-bit resolution 
Digital-to-Analog Converters with voltage output amplifiers and 
a 3-wire standard serial digital address and data port. 


Typical DAC matching for C grade versions is 1.5 LSB across 
all codes. Accuracy of +2 LSB for DNL and +2 LSB for INL is 
also achieved for C grade. The output amplifier is capable of 
sinking and sourcing 5mA, and the output voltage settles to 
12-bits in less than 30us (typ.). 


SIMPLIFIED BLOCK DIAGRAM 


és DO to D13 AO to A3 
P 18-Bit Shift Register 


Vee Vee Vcc 


Ao 


The MP7610 is equipped with a serial data (3-wire standard) 
-processor logic interface to reduce pin count, package size, 
and board space. 


Built using an advanced linear BiCMOS, these devices offer 
rugged solutions that are latch-up free, and take advantage of 
EXAR’s patented thin-film resistor process which exhibits excel- 
lent long term stability and reliability. 


Veco AGND AGND Vper DGND DVpp 
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ORDERING INFORMATION 


Package Temperature Res. 
Type Range Part No. (Bits) 
14 


—40 to +85°C MP7610BN 


—40 to +85°C MP7610AN 
-40 to +85°C MP7610BS 
~40 to +85°C MP7610AS 


PIN CONFIGURATIONS 


DGND 1* DGND 
N/C 2 N/C 
N/C 3 N/C 
DVpp 4 DVpp 
N/C or DVpp 5 N/C or DVpp 
N/C 6 N/C 
SDO 7 SDO 
SDI 8 SDI 
CLK 9 CLK 
LD LD 
N/C N/C 
RST RST 
N/C N/C 
AGND AGND 


28 Pin PDIP (0.400’’) 28 Pin SOIC (Jedec, 0.346”) 
NW28 SW28 


PIN OUT DEFINITIONS 


OAN OA RWNDN + 


a ae a 2 
WON + CO 


Vin. ff J A 


Analog Ground 

DAC 0 Output 

DAC 1 Output 

DAC 2 Output 

DAC 3 Output 

Analog Negative Power Supply (—12 V) 
Analog Positive Power Supply (+12 V) 
Voltage Reference Input (+5 V) 

Analog Positive Power Supply (+12 V) 
Analog Negative Power Supply (—12 V) 
DAC 4 Output 

DAC 5 Output 

DAC 6 Output 

DAC 7 Output 


Analog Ground 

No Connection 

Reset all DACs to 0 V Output 
No Connection 


Load Signal; Load Data to Selected 
DAC 


Serial Data Clock 

Serial Data Input 

Shift Register Serial Output 

No Connection 

No Connection or DVpp 

Digital Positive Power Supply (+5 V) 
No Connection 

No Connection 

Digital Ground 
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ELECTRICAL CHARACTERISTICS 
Voc = +12 V, Veg = -12 V, Vrer = 5 V, DVpp = 5.0 V, T = 25°C, Output Load = 5kQ (unless otherwise noted) 


STATIC PERFORMANCE 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity Spec 
(Relative Accuracy) 

A 

B 


Differential Non-Linearity 
A 
B 


Positive Full Scale Error 
A 
B 


Negative Full Scale Error 
A 
B 


Bipolar Zero Offset 
A 
B 


INL Matching 
A 
B 


All Channels Maximum Error 
with DAC 0 adjusted to 
minimum error 
A 
B 


Bipolar Zero Matching 
A 
B 


Full Scale Error Matching 
A 
B 


DYNAMIC PERFORMANCE 


Voltage Settling from LD ZS to FS (20 V Step) 
to VDAC Out! 5k, 50pF load 
Channel-to-Channel Crosstalk® DC 
Digital Feedthrough’ § CLK and Data to Vout; 
Power Supply Rejection Ratio AVeg & AVcc = +5%, ppm of FS 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max 


REFERENCE INPUTS 


See Application Hints for Driving 
the reference input 


Impedance of Vrer 


Vrer Voltage, 2 


DIGITAL INPUTS? 


Logic High 
Logic Low 
Input Current 

Input Capacitance’ 


ANALOG OUTPUTS 


Output Swing 
Output Drive Current 
Output Impedance 

Output Short Circuit Current 


+FS to AGND 
+FS to Veg 

—FS to AGND 
—FS to Vcc 


DIGITAL OUTPUTS 


Output High Voltage 
Output Low Voltage 


POWER SUPPLIES 


Vrerti.5 12 12.75 
—12.75 =e -5 
4.5 ) 5.9 


Vrertt.5 12.75 
—12.75 —5 
4.5 5.5 


Vec Voltage® 
Veg Voltage® 
DVpp Voltage 


Positive Supply Current 10 Bipolar zero 
Negative Supply Current Bipolar zero 
Digital Supply Current Bipolar zero 


Power Dissipation Bipolar zero 


ANALOG GROUND CURRENT 


Per Channel! See Application Notes 


DIGITAL TIMING 
SPECIFICATIONS14 


Vit = 0, Vin = 5.0, C = 20 pF 


Input Clock Pulse Width ton, tor 

Data Setup Time tps 

Data Hold Time tpH 

CLK to SDO Propagation Delay tpp 

DAC Register Load Pulse Width tLp 

Preset Pulse Width tpr 

Clock Edge to Load Time tcKLD1 Note: tip and tcx_p2 cannot both 
tcKLD2 be min. since tcx_p1=tckLp2+tLp 

LD Falling Edge to SDO tyz1 

Tri-state Enable 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


ed > Tmin to Tmax 
| Symbol i Max 


DIGITALTIMING TIMING 
SPECIFICATIONS! 4 (CONT’D) 


LD Rising Edge to SDO 
Tri-state Disable 

LD Rising Edge to CLK Enable 

LD Set-up Time with Respect 
to CLK 


NOTES: 

Guaranteed; not tested. 

Specified values guarantee functionality. 

Digital inputs should not go below digital GND or exceed DVpp supply voltage. 

See Figures 2 and 3. All digital input signals are specified with ta = te = 10 ns 10% to 90% and timed from a 50% voltage level. 
For power supply values < +2+Vpe_r, the output swing is limited as specified in Analog Outputs. 

Digital feedthrough and channel-to-channel crosstalk are heavily dependent on the board layout and environment. 


ao ar won — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


¥oe (OAGND wesckvece sees sivieceunwGaanendes +16.5 V Operating Temperature Range 

Wee toWGND oo cs ccvcccnstusivesucewencetuses -16.5V Extended Industrial ................... —40°C to +85°C 
DVpp to DGND ew Sa Ha Sy ee Coe es OS AD Rea’ Oa eS +6.5 V Maximum Junction Temperature eke ewas —65°C to 150°C 
Veeco tO DENY iccavcctaxveccacatexsewenxeugurs +7.0V 

AGNDtoDGND ............. cece cece cece eee. st'¥ Storage Temperature ...................00.0 eee 150°C 
PPUNEBO NET guaranteed tor 20.5 ¥ only) Lead Temperature (Soldering, 10 sec) ........... +300°C 
Digital Input & Output Voltage to D@ND —0.5 to DVpp +0.5V 

Analog Inputs & Outputs............. Indefinite Shorts to Package Power Dissipation Rating @ 75°C 

Vec, Vee, DVpp, AGND, DGND (provided that power dissipa- SONG, POP acu vavtensoweddeveewdawesrsavans 1150mW 
tion of the package spec is not exceeded) Derates above 75°C .......... cece cee ees 15mW/°C 


NOTES: 
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


NOTE: When using these DACs to drive remote devices, the accuracy of the output can be improved by utilizing a remote analog 
ground connection. The difference between the DGND and AGND should be limited to 300 mV to assure normal operation. If there 
is any chance that the AGND to DGND can be greater than +1 V, we recommend two back-to-back diodes be used between DGND 
and AGND to clamp the voltage and prevent damage to the DAC. Using a buffer between the remote ground location and AGND may 


help reduce noise induced from long lead or trace lengths. 
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MSB 
pa pK XX AX AO XK Bre XIX BAT XIX BE_X HBX) XK 
ne ee ee ee oe 
CLK 
0 
0 


DAC Register 
Loaded 


soo) J Previousata CL XG) 


Note: (1) Because A3 is available immediately after 18th clock edge of DATA Shift-in, only 17 clock cycles are 
needed to complete the readback. 


Figure 1. Serial Data Timing and Loading 


t 
spi | _ y 1 
{ 
0 i | 
spo | , HIGHZ 
0 ! 1 
- 


- + l 
; tcH ' tep ! > | © tiosu © tiocke > 
: 
CLK 0 ! l | H 1 I 
— tcKLD2 > 
© tole i 'CKLD1 > 
{ 
[B \ y 
i 1 
— tLp > 
+FS | 
Vout 
_FS 
— tsp an 


+2 LSB Band 


Note: (1) CLK should be high during the falling edge of LD to insure proper function of the shift register. 


Figure 2. Serial Data Input Timing (RST = “1”) 


Vougr =O V 992684 = See eee 2 SS em ee 
Note: Reset settling time is <tsp 


Figure 3. Reset Operation 
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The MP7610 is equipped with a serial data (3-wire standard) | 


L-processor logic interface to reduce pin count, package size, 
and board wire (space). If the LD signal is high, the CLK signal 
loads the digital input bits (SDI) into the shift register (4 bits ad- 
dress A3 to AO plus 14 bits data D13 to DO forthe MP7610). The 
LD signal going low loads the data into the selected DAC. The 


LD signal going low also disables the serial data (SDI), ‘output 
(SDO tri-stated) and the CLK input. This design tremendously 
reduces digital noise and glitch transients into the DACs due to 
free running CLK and SDI. Note also that the preset signal 
(RST) resets all analog outputs to 0 volt regardless of digital in- 
puts. 


Stop Shifting 
Data In and 
Out 


No Operation 


1-0 
1-0 
1-0 
150 
1-0 
1-0 
150 
1-0 
No Operation 


No Operation 
No Operation 


Table 1. Digital Function Truth Table 
Serial In/Serial Out 


s+—e----"OOD0O0000 O 

+e - - - OH =--=-0O00 OO 
4ta----O]==00==0 oO 
|=O.2.--0O0-0=20=0=2 0 
mK OK KOK OK OOK OK OK OK OK OK OK OK 
Pe = = OK OO 


~x< 
~< 


Reset all DACs 
to0 V 


Note: For timing information See Electrical Characteristics. 
Output Voltage = 2¢ Vr(-1+ 2°D ) 


ee Code | ety = +5 V) 16384 


esse, 


= a 20 
+ FFP 01141111111111 Oe (-1 +) = -1.22 mv 
10 e (—1 416384) _ 9 
2001 10000000000001 10 © (-1 =) = 1.22 mV 


10 © (-1 +8276) — 9.99878 
16384 


1494419111111 


Table 2. MP7610 
Ideal DAC Output vs. Input Code 


Note: See Electrical Characteristics for real system accuracy 
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SERIAL INTERFACE DIAGRAMS 


VRI1 & Y VOI1 VRI29 Y VOl2 VRing Y VOIn 
1 8 1 8 


1 8 
IC(1) IC(2) -——— IC(n) 
LLPC SDI [ID . SDO sp! [ID . SDO spl [ID . spo 
Data 
LD 


allie 


Figure 4. Simplified Diagram 


CLK 


O voli VRI2Q0 


sb! LD SDO Sb! LD SDO 


Figure 5. Simplified Diagram 


VRI1 VOI4 VRI2 VOl2 VRiIn VOlIn 
s S ® @ @ ® 


SDO 
Address 


LLPC 
WR 


(SDI) Data In 
CLK 


Figure 6. Simplified Diagram 
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16 16 Address Bus 


74LS138 


ee 
Decoder 


G E2 


AO to A15 


MC6800 
02 


R/W 


g Data Bus 


DBO to DB7 


From SYSTEM RESET 


NOTES 

1. Execute consecutive memory write instructions while manipulating the data between WRITEs so that each 
WRITE presents the next bit. 

2. The serial data loading is triggered by the CLK pulse which is asserted by a decoded memory WRITE to 
memory location 2000, R/W, and 02. A WRITE to address 4000 transfers data from input shift register to DAC 
register. 


Figure 7. MC6800 Interface 


Address Bus 


AO to A2 


74LS138 
Address 
Decoder 


From SYSTEM RESET 
NOTES: 
1 Clock generated by WR and decoding address 8000. 
2. Data is clocked in the DAC shift register by executing memory write instructions. The clock input is generated 
by decoding address 8000 and WR. Data is then loaded into the DAC register with a memory write instruction 
to address 4000. 
3. Serial data must be present in the right justified format in registers H & L of the microprocessor. 


Figure 8. 8085 Interface 
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PERFORMANCE CHARACTERISTICS 


OV 
Vout 
2.5mV * 
OV 
—2.5mV 
Vout Settling 50us/Division 


Graph 1. Typical Output Settling Characteristic 
Vrer=9 V, Ru = 5K, C, = 500pF 


Graph 71 shows the typical output settling characteristic of the MP7610 Family fora RESET +ZS-—+FS-4ZS series 
of code transitions. The top graph shows the output voltage transients, while the bottom graph shows the differ- 
ence between the output and the ideal output. 


14-BIT LSB 


of 


0 CODE 16384 


Graph 2. Linearity with 
Vref = 5 V, All DACs, All Codes 
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12-BIT LSB 


12-BIT LSB 
© 
nm 
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0.2 0.2 
0.15 0.15 


0.1 0.1 


VREF VREF 


Graph 3. DAC O INL vs. Vref Graph 4. DAC 0 DNL vs. Veer 


14-BIT LSB 
14-BIT LSB 


—4 —4 
0 CODE 16384 0 CODE 16384 
Graph 5. DAC 0 Linearity with Graph 6. DAC 0 Linearity with 
Vrer = 5 V, Vout = £10 Vrer = 4-5 V, Vout = +9 


14-BIT LSB 
14-BIT LSB 


-4 -4 
0 CODE 16384 0 CODE 16384 
Graph 7. DAC 0 Linearity with Graph 8. DAC 0 Linearity with 
Vrer = 4 V, Vout = +8 Vrer = 3-5 V, Vout = £7 
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MP7610 
Family 


CL = 500pF, 5nF, 50nF, 500nF 


Figure 9. Circuit for Determining Typical Analog Output Pulse Response 


2.0mA 


Os 1.0yus 2.0us 3.0us 4.0us 5.0us 6.0us 


Graph 9. Typical Response of the MP7610 Family Analog Output to 
a Current Pulse with CL=500pF, 5nF, 50nF, 500nF 
(See Figure 9. above) 
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Octal 14-Bit DAC Array™ 
>» “dl EX - D/A Converter with Output Amplifier 
/N and Parallel Data/Address uP Control Logic 


FEATURES e Rugged Construction — Latch-Up Free 
e Eight Independent Channel 14-Bit DACs with » penal Versions MP7G10 
Output Amplifiers APPLICATION 
e Low Power 320 mW (typ.) 2 
e Parallel Digital Data and Address Port e Data Acquisition Systems 
e Double Buffered Data Interface e ATE 
e Readback of DAC Latches e Process Control 
e Zero Volt Output Preset (Data = 10 .. 00) e Self-Diagnostic Systems 
e 14-Bit Resolution, 12-Bit Accuracy e Logic Analyzers 
e Extremely Well Matched DACs e Digital Storage Scopes 


e Extremely Low Analog Ground Current (<60uA/Channel) = _* PC Based Controller/DAS 
e +10 V Output Swing with +11.4 V Supplies 


GENERAL DESCRIPTION 


The MP7611 provides eight independent 14-bit resolution put data port loads the data into the pre-selected DACS. 
Digital-to-Analog Converters with voltage output amplifiers and 


This device can easily be interfaced to a data bus, and digital 
a parallel digital address and data port. y Us, and aigita 


readback of each channel is available. 


Built using an advanced linear BiCMOS, these devices offer Typical DAC matching for C grade versions is 1.5 LSB across 
rugged solutions that are latch-up free, and take advantage of all codes. Accuracy of +2 LSB for DNL and +2 LSB for INL is 
EXAR’s patented thin-film resistor process which exhibits excel- also achieved for C grades. The output amplifier is capable of 


lent long term stability and rellability. sinking and sourcing 5mA, and the output voltage settles to 
A standard u-processor and TTL/CMOS compatible 14-bit in- 12-bits in less than 30us (typ.). 


SIMPLIFIED BLOCK DIAGRAM 


Control 
° Logic 


dx 49a9z 


Vee Vee Vcc Vcc AGND AGND Veer DGND DVpp 
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ORDERING INFORMATION 


Package Temperature Res. INL DNL FSE 
Type Range (Bits) (LSB) (LSB) (LSB) 


Ts 
14 
a ae Ce 
rca | —1010-05°6 | _wproniac | 1a [40 | a4 [40 
Pca a 
a 
18 


Ze EXAR 


—55 to +125°C MP7611SG 
—40 to +85°C MP7611BP 
—40 to +85°C MP7611AP 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


See the following 
page for pin numbers 
and descriptions 


Q44 


See the following 
page for pin numbers 


and descriptions 


44-Pin PLCC 
P44 
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See the following 
page for pin numbers 
and descriptions 


44-Pin PGA 
G44 
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PIN OUT DEFINITIONS 


PLCC PQFP & PGA 
PIN NO. PIN NO. DESCRIPTION 
29 


N/C No Connection 

VO3 DAC 3 Output 

VEE Analog Negative Power Supply (—12 V) 
Vcc Analog Positive Power Supply (+12 V) 


N/C No Connection or DVpp 
VREF Analog Voltage Reference Input (+5 V) 


VREFN Analog Negative Voltage Reference 
Output (—2.5 V) 


Analog Positive Power Supply (+12 V) 
Analog Negative Power Supply (—12 V) 
DAC 4 Output 

No Connection 

DAC 5 Output 

DAC 6 Output 

DAC 7 Output 

Analog Ground ( 0 V) 

Chip Select Enable 

Read Back Enable 
Second-—Latch-Bank Reset Enable 
First-Latch-Bank Reset Enable 
Second-—Latch-Bank Load Enable 
First-Latch-Bank Load Enable 
Digital Address Bit 2 

Digital Address Bit 1 

Digital Address Bit 0 

Digital Input Data Bit 0 

Digital Input Data Bit 1 

Digital Input Data Bit 2 

Digital Input Data Bit 3 

Digital Input Data Bit 4 

Digital Input Data Bit 5 

Digital Input Data Bit 6 

Digital Input Data Bit 7 

Digital Input Data Bit 8 

Digital Input Data Bit 9 

Digital Input Data Bit 10 

Digital Input Data Bit 11 

Digital Input Data Bit 12 

Digital Input Data Bit 13 (MSB) 


{ 
2 
3 
4 
] 
6 
7 
8 


ice) 


Pr ee a Ce Ce Ca ce ee ee © 
Oo ON Oa fF WY A CO 


mM MO DW 
mw + O 


Digital Positive Power Supply (+5 V) 
Digital Ground (0 V) 

Analog Ground (0 V) 

DAC 0 Output 

DAC 1 Output 

DAC 2 Output 


mo MH MY MY DYN ND 
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ELECTRICAL CHARACTERISTICS 
Vec = +12 V, Veg = —-12 V, Veer = 5 V, DVpp = 5.0 V, T = 25°C, Output Load = 5kQ (unless otherwise noted) 


a Tmin to Tmax 
verenieer Syne | in ee Max Test Conditions/Comments 


STATIC PERFORMANCE _—i PERFORMANCE 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity Spec 
(Relative Accuracy) 

A,S 

B 


Differential Non-Linearity 
A,S 
B 


Positive Full Scale Error 
A, S 
B 


Negative Full Scale Error 
A,S 
B 


Bipolar Zero Offset 
A,S 
B 


INL Matching 
A,S 
B 


All Channels Maximum Error 
with DAC 0 adjusted to 
minimum error 
A,S 
B 


Bipolar Zero Matching 
A,S 
B 


Full Scale Error Matching 
A,S 
B 


DYNAMIC PERFORMANCE 


Voltage Settling from LD ZS to FS (20 V Step) 
to VDAC Out! 5k, 50pF load 
Channel-to-Channel Crosstalk® ; DC 
Digital Feedthrough’ © CLK and Data to Voy; 
Power Supply Rejection Ratio p AVege & AVoc = +5%, ppm of FS 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter i Typ x Min Max Test Conditions/Comments 


REFERENCE INPUTS 


Impedance of Vrer 350 See Application Hints for driving 
the reference input 


Veer Voltage, 2 
DIGITAL INPUTS? 


Logic High 

Logic Low 

Input Current 

Input Capacitance’ 


ANALOG OUTPUTS 


Output Swing 4A Voco-1.4 

Output Drive Current 

Vreen Output Drive Current +10 For test purposes only 
Output Impedance 


Output Short Circuit Current +FS to AGND 
+FS to VEE 


—FS to AGND 
—FS to Vcc 


DIGITAL OUTPUTS 


Output High Voltage 
Output Low Voltage 


POWER SUPPLIES 


Vcc Voltage® Vrerti1.5 12 12.75 | Vraer+i1.5 12.75 
Veg Voltage® -12.75 -12 -5 | -12.75 —5 

DVpp Voltage | 4.5 5 5.5 4.5 5.5 

Positive Supply Current 8 10 10 Bipolar zero 
Negative Supply Current 15 20 20 Bipolar zero 
Digital Supply Current ee i Bipolar zero 
Power Dissipation Bipolar zero 


ANALOG GROUND CURRENT 
Per Channel! 


DIGITAL TIMING 
SPECIFICATIONS'4 Vit = OV, Vin =5 V, C, = 20 pF 


Data Setup Time tps 
Data Hold Time tpH 
Address Set-up Time tas 
Address Hold Time taH 
Chip Select to LD7 Set-up Time tos1 
Chip Select to LD1 Hold Time toH1 
LDT Pulse Width toLaw 
LDT Negative Edge to LD2 tLD1LD2 
Positive Edge 
LD2 Pulse Width tLp2w 
Chip Select to RD Set-Up Time tcso 
Chip Select to RD Hold Time tcHo 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DIGITAL TIMING 
SPECIFICATIONS? 4 (CONT’D) 


RD Pulse Width 
High Z to Data Valid for Readback 
Data Valid for Readback to High Z 
Ri Pulse Width 
R2 Pulse Width 


NOTES: 

1 Guaranteed; not tested. 

e Specified values guarantee functionality. 

3 Digital inputs should not go below digital GND or exceed DVpp supply voltage. 

4 See Figures 1, 2and 3. All digital input signals are specified with tp = te = 10 ns 10% to 90% and timed from a 50% voltage level. 
5 For power supply values < +2+*Vper, the output swing is limited as specified in Analog Outputs. 

6 


Digital feedthrough and channel-to-channel crosstalk are heavily dependent on the board layout and environment. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Ver AGN cc cucdan cece sau neceuwweteeerens +16.5V Digital Input & Digital Output Voltage to: 
DUG acaneensp een iannusk doe Rede pradew ee wx k o¥% +.5V 
WEE IG AGND 4p ssciccstncrcntsnesbenrwcnnnees -16.5V DEAD tanvnavdcnckakedesdeedsvwnavinddeuouses —5V 
Operating Temperature Range 
RO GHIA Ebi en sain sesame enw anane re ae Extended Industrial ................0.0.. —40°C to +85°C 
Witter 10 DON. ccecexweecensasewnesannenaneens +7.0 V PUM AIY sexes dendspedndeveutaveseeaue —5§5°C to +125°C 
Analog Outputs & Inputs Maximum Junction Temperature ................. 150°C 
Infinite Shorts to Vcc, Vee, DVpp, AGND and DGND Storage Temperature Range ........... —65°C to +150°C 
ili power dissipation of the package spec is not Lead Temperature (Soldering, 10 sec) ........... +300°C 
Package Power Dissipation Rating to 75°C 
RAO TG IIGNY cuxeseeoukdddaverakis seeeea enone +1V PORP, PGA, PLSG: 5c csccactwnneseennnees 800mW 
(Functionality guaranteed for -E0.5 V only) Derates above 75°C ................... 11mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

e Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


NOTE: When using these DACs to drive remote devices, the accuracy of the output can be improved by utilizing a remote analog 
groundconnection. The difference between the DGND and AGND should be limited to +300 mV to assure normal operation. If there 
is any chance that the AGND to DGND can be greater than +1 V, we recommend two back-to-back diodes be used between DGND 
and AGND to clamp the voltage and prevent damage to the DAC. Using a buffer between the remote ground location and AGND may 
help reduce noise induced from long lead or trace lengths. 
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Data 1 \ ' 
Input/Output I x 
0 1 1 


Bus c tos ae tbe 
Address 1 | ) 
> tas - tar > 
| 
1 l l © ton? 
oa a : dort care (Sn don’t care 
1 
ie 
LoadLatchA 4 ee 2 
LD1 0 \ | 
i tLo1Lb2 ” 
LoadLatchB 1 es: aa 
LD2 0 
- tLb2w > 
+FS 
Analog Output 
abe = 3 
= tsp * 


Figure 1. Loading Latch A and Updating Latch B 


Notes: 
(1) | Chip Select (CS) and Load LATCHA (LD1) Signals follow the same timing constraints and are interchangeable 
in the above diagram. 
(2) Ri=R2=1. 
(3) For the case where LD2 is in the low state, analog output would respond to the falling edge of LD7 (transparent mode). 


"AO-A2 DS Se SD Crna 
A0-A2 0 
j 1 
es : don't care don’t care 


Data Readback 1 rs, as 
RD 0 
. DA 7 tpR & 
Digital Output Data 1 HIGH-Z © o> HIGH-Z 
DO to D113 0 
Figure 2. Read Back First Latch Bank of One DAC 
Notes: 


(1) | Chip Select (CS) and Data Readback (RD) Signals follow the same timing constraints and are interchangeable 


in the above diagram. 
(2) RTt=R2=1. 


ey ~ 
_. ¥ 1 R1W ' 
R1 9 Reset first latch bank to I f 


1000. «= = 0000 le ~~ 


=e 1 ae... khiadae~=~=~=CSC cc F!C!*~C~=<“i<i<i‘<‘i=C~S:S*S 
R2 9 Reset second latch bank to 1000..... 0000 and analog ' 1 


output to zero volt. 


Figure 3. Reset Operations 
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A standard U-processor and TTL/CMOS compatible input all 8-channels simultaneously. The selected DAC becomes 
data port loads the data into the pre-selected DACS. If CS=0, __ transparent (activity on the digital inputs appear at the analog 
the chip accesses digital dataon the bus. ThenaddressbitsAO output) when both LD7 = LD2 = 0. 
to A2 select the appropriate DAC and LD1 loads the data into the RT = 0 resets the first-latch-bank. R2 = 0 resets the second- 
first-latch-bank. When all 8-channels first-latch-banks are latch-bank which sets the analog output to zero volts (data = 
loaded, then LD2 enables the second-latch-bank and updates 100...00), regardless of digital inputs. 


| Function | a2_At_ AO 2 
Load Latch 1 of DAC7 


1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 
Load Latch 1 of DAC8 1 


Load Latch 1 of DAC1 
Load Latch 1 of DAC2 
Load Latch 1 of DAC3 
Load Latch 1 of DAC4 
Load Latch 1 of DAC5 
Load Latch 1 of DAC6 


Se a ee ee ee ee 2 
eS a ee ee ee eS 
oOOoOO0O0 CO O 


—_— tl tC i OO OO 
—-— =-— Oo - |—+— OO 
-~o-+-'OoO-+-O0O-+- 0 


Read Latch 1 of DAC1 0 0 0 1 1 1 1 
Read Latch 1 of DAC2 0 0 1 ; 1 1 ; 1 1 
Read Latch 1 of DAC3 0 1 0 0 1 1 0 1 1 
Read Latch 1 of DAC4 0 1 1 0 1 1 0 1 1 
Read Latch 1 of DAC5 1 0 0 0 1 1 0 1 1 
Read Latch 1 of DAC6 1 0 1 0 1 1 0 1 1 
Read Latch 1 of DAC7 1 1 0 0 1 1 0 1 1 
Read Latch 1 of DAC8 1 1 1 0 1 1 0 1 1 
Reset Latch 1 of DAC1—8] x xX xX X xX xX X 0 { 
Reset Latch 2 of DAC1—>8] x xX x x X x x 


Note: 1: High, 0: Low, X: Don’t Care 


Table 1. Octal Parallel Data Input 14-Bit DAC Truth Table 


Note: For timing information see Electrical Characteristics 


3-8 
Decoder 


To first latch bank enable 


LD1 
cS To switches across the first latch 
bank for readback enable 
RD 
LD2 To second latch bank enable 
Ri To reset all first latch bank 
R2 To reset all second latch bank 


Figure 4. Simplified Parallel Logic Port 
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Output Voltage = 2¢ Vr(-1+ 2eD ) 
Hex Code Binary Code (Vr = +5 V) 16384 


OOOO 00000000000000 10 e (-1 + 0) =-10 


16382, _ 
{FFF 01414111111111 10. (-1 +8882) - 1.22 mv 
2000 10000000000000 10 e (-1 +16384) - 9 
16384 
2001 40000000000001 10 © (-1 +1638) - 1.29 mv 
16384 
i] | 


10 e (-1 +82788) — 9.99878 
16384 


1449941111111 


Table 2. MP7611 
Ideal DAC Output vs. Input Code 


Note: See Electrical Characteristics for real system accuracy 


AO to A15 


Address 
Decoder 


AO to A2 


From System Reset 


DBO to DB16 From System Reset 


12 0r 14 


DBO to DB11 
or DB13 


Figure 5. Parallel uP Interface 
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PERFORMANCE CHARACTERISTICS 


11 V 


OV 


-11V 
2.5mV ® 

OV 

—2.5mV 
Vout Settling 50us/Division 


Graph 1. Typical Output Settling Characteristic 
VREF = & V, Ri = 5K, CL = 500pF 


Graph 1 shows the typical output settling characteristic of the MP7610 Family fora RESET +ZS-—+FS-—4ZS series 
of code transitions. The top graph shows the output voltage transients, while the bottom graph shows the differ- 
ence between the output and the ideal output. 


14-BIT LSB 


0 CODE 16384 


Graph 2. Linearity with 
Vrer = 5 V, All DACs, All Codes 


Vin20r ff J 7 f ff 7 
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0.4 


co 
a 
F 0.26 
a 
2 
0.2 
0.15 
0.1 
g 4.5 4 3.5 
VREF 
Graph 3. DAC OINL vs. Vrer 
jaa) 
wn 
A 
a 
o 
= 
—4 
0 CODE 16384 


Graph 5. DAC 0 Linearity with 
VREF =5 V, Vout = +10 


14-BIT LSB 


0 CODE 16384 


Graph 7. DAC 0 Linearity with 
Vrer = 4 V, Vout = +8 


Y v.20 fF fF fF Ff f/f 


0.4 


0.36 


0.3 


0.25 


12-BIT LSB 


0.2 


0.15 


0.1 


14-BIT LSB 


14-BIT LSB 


-4 


VREF 


Graph 4. DAC 0 DNL vs. VREF 


16384 


CODE 


Graph 6. DAC 0 Linearity with 


VREF = 4.5 V; Vout = 9 


16384 


CODE 


Graph 8. DAC 0 Linearity with 
Vrer = 3-5 V, Vout = 7 
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Figure 6. Circuit for Determining Typical Analog Output Pulse Response 


2.0mMA 
I 
0.0 


Graph 9. Typical Response of the MP7610 Family Analog Output to 
a Current Pulse with CL=500pF, 5nF, 50nF, 500nF 
(See Figure 9. above) 
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FEATURES 
e Eight Independent 12-Bit DACs with Output Amplifiers e 


e Low Power 320 mW (typ.) 

e Serial Digital Data and Address Port (3-Wire 
Standard) 

e 12-Bit Resolution, 11 Bit Accuracy 

e Extremely Well Matched DACs 


e Extremely Low Analog Ground Current (<60uUA/Channel) e 


e +10 V Output Swing with +11.4 V Supplies 
e Zero Volt Output Preset (Data = 10 .. 00) 

e Rugged Construction — Latch-Up Free 

e Parallel Version: MP7613 


GENERAL DESCRIPTION 


The MP7612 provides eight independent 12-bit resolution 
Digital-to-Analog Converters with voltage output amplifiers and 
a 3-wire standard serial digital address and data port. 

Typical DAC matching for B grade versions is 0.7 LSB across 
allcodes. Accuracy of +0.75 LSB for DNL and +1 LSB for INL is 
also achieved for B grades. The output amplifier is capable of 
sinking and sourcing 5mA, and the output voltage settles to 
12-bits in less than 30us (typ.). 


SIMPLIFIED BLOCK DIAGRAM 


: DO to D11 AO to A3 
P 16-Bit Shift Register 


Vee Vee Vcc 


and 


MP7612 


Octal 12-Bit DAC Array'™ 
D/A Converter with Output Amplifier 


a 


APPLICATIONS 


Data Acquisition Systems 
e ATE 

e Process Control 

e Self-Diagnostic Systems 
e Logic Analyzers 

e Digital Storage Scopes 
PC Based Controller/DAS 


The MP7612 is equipped with a serial data (3-wire standard) 
u-processor logic interface to reduce pin count, package size, 
and board space. 


Built using an advanced linear BiCMOS, these devices offer 
rugged solutions that are latch-up free, and take advantage of 
EXAR’s patented thin-film resistor process which exhibits excel- 
lent long term stability and reliability. 


Cy) SDO 


Vec AGND AGND Vpger DGND DVpp 
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ORDERING INFORMATION 


PIN CONFIGURATIONS 


AGND 
VOO 
VO1 
VO2 
VO3 

VEE 
Vee 
VREF 
Voc 
VEE 
VO4 
VO5 
VO6 
VO7 


28 Pin PDIP (0.400’’) 
NW28 


PIN OUT DEFINITIONS 


| NAME | DESCRIPTION 


OMAN Oa FWP — 


pe ee Sa re 
-woNM- OC 


Analog Ground 

DAC 0 Output 

DAC 1 Output 

DAC 2 Output 

DAC 3 Output 

Analog Negative Power Supply (—12 V) 
Analog Positive Power Supply (+12 V) 


Voltage Reference Input (+5 V) 

Analog Positive Power Supply (+12 V) 
Analog Negative Power Supply (—12 V) 
DAC 4 Output 

DAC 5 Output 

DAC 6 Output 

DAC 7 Output 


4-170 


AGND 
VOO 
VO1 
VO2 
VO3 

VEE 
¥OG 
VREF 
Voc 
VEE 
VO4 
VO5 
VO6 
VO7 


Package Temperature Res. 
Type Range Part No. (Bits) 


1 
2 
3 
4 
te) 
6 
7 
8 
9 


INL DNL FSE 
+6 


po | 1 | +075 | +6 | 


DGND 
N/C 
N/C 
DVpp 
DGND 
N/C 
SDO 
SDI 
CLK 
LD 
N/C 
RST 
N/C 
AGND 


28 Pin SOIC (Jedec, 0.346”) 


SW28 


Analog Ground 

No Connection 

Reset all DACs to 0 V Output 
No Connection 


Load Signal; Load Data to Selected 
DAC 


Serial Data Clock 

Serial Data Input 

Shift Register Serial Output 

No Connection 

Digital Ground 

Digital Positive Power Supply (+5 V) 
No Connection 

No Connection 

Digital Ground 
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ELECTRICAL CHARACTERISTICS 
Vec = +12 V, Veg = —-12 V, Vrer = 5 V, DVpp = 5.0 V, T = 25°C, Output Load = 5kQ (unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity Spec 
(Relative Accuracy) 

A 

B 


Differential Non-Linearity 
A 
B 


Positive Full Scale Error 
A 
B 


Negative Full Scale Error 
A 
B 


Bipolar Zero Offset 
A 
B 


INL Matching 
A 
B 


All Channels Maximum Error 
with DAC 0 adjusted to 
minimum error 
A 
B 


Bipolar Zero Matching 
A 
B 


Full Scale Error Matching 
A 
B 


DYNAMIC PERFORMANCE 


Voltage Settling from LD ZS to FS (20 V Step) 
to VDAC Out! 
Channel-to-Channel Crosstalk": © DC 
Digital Feedthrough’: © CLK and Data to Vout 
Power Supply Rejection Ratio AVege & AVcoc = +5%, ppm of FS 


REFERENCE INPUTS 


Impedance of Veer 350 See Application Hints for driving 
the reference input 


Vaer Voltage, 2 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


DIGITAL INPUTS? 


Logic High 
Logic Low 
Input Current 

Input Capacitance! 


ANALOG OUTPUTS 


—VeE +1.4 Voc —1.4 
-5 5 
1 


Output Swing 
Output Drive Current 
Output Impedance 


Output Short Circuit Current 25 +FS to AGND 
30 +FS to VEE 
40 —FS to AGND 
55 —-FS to Vcc 


DIGITAL OUTPUTS 


Output High Voltage 
Output Low Voltage 


POWER SUPPLIES 


Vrert 8 2.79 


Vcc Voltage® Vrert1.5 12 12.75 


Vee Voltage® -12.75 -12 -5 | -12.75 -5 

DVpp Voltage 4.5 4.5 5.5 

Positive Supply Current 10 Bipolar zero 
Negative Supply Current Bipolar zero 
Digital Supply Current Bipolar zero 


Power Dissipation Bipolar zero 


ANALOG GROUND CURRENT 


Per Channel! See Application Notes 


DIGITAL TIMING 
SPECIFICATIONS1'4 


Vii = 0, Vin = 5.0, CL = 20 pF 


Input Clock Pulse Width 
Data Setup Time 

Data Hold Time 

CLK to SDO Propagation Delay 
DAC Register Load Pulse Width 
Preset Pulse Width 
Clock Edge to Load Time 


tcH: te 
tos 

tbH 

tpp 

tLb 

tpR 
tCKLD1 
tcKLD2 
tyz1 


Note: tLp and tcx_p2 cannot both 
be min. since tcx_p1=tcKLpe2ttip 


LD Falling Edge to SDO 
Tri-state Enable 

LD Rising Edge to SDO 
Tri-state Disable 

LD Rising Edge to CLK Enable 

LD Set-up Time with Respect 

to CLK 


tyz2 


tLDcK 
tLpsu 


TOM’ 


Ze EXAR MP7612 
OO —eeee 


ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 

L Guaranteed; not tested. 

e Specified values guarantee functionality. 

3 Digital inputs should not go below digital GND or exceed DVpp supply voltage. 

4 See Figures 2 and 3. All digital input signals are specified with ta = te = 10 ns 10% to 90% and timed from a 50% voltage level. 
5 For power supply values < +2+Vp_r, the output swing is limited as specified in Analog Outputs. 

6 


Digital feedthrough and channel-to-channel crosstalk are heavily dependent on the board layout and environment. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Veo AGN cascccndsd cv sneede ceca sebandeges +16.5 V Operating Temperature Range 

Wee to AGND ......ceeeeseescesescnncsvuveees ~16.5V Extended Industrial ................... 

B¥np 10 DGND: 22: icecceneedsa ent steewcewauess +6.5 V Maximum Junction Temperature 

Weee te Vo suvavadeebenwedeexcsaneeeeanseers +7.0 V Bias OSHS: <.nceeec, 

POND TG DGD cccicecasvtandvessesuenWasasctnwe Ef III 
(Functionality guaranteed for 0.5 V only) Lead Temperature (Soldering, 10 sec) ........... +300°C 
Digital Input & Output Voltage to D@AND—0.5 to DVpp +0.5V 

Analog Inputs & Outputs............. Indefinite Shorts to Package Power Dissipation Rating @ 75°C 

Voc, Veg, DVpp, AGND, DGND (provided that power dissipa- SOG. FLU aiastewh eeu eb ounns¢ee eae venes 1150mW 
tion of the package spec is not exceeded) Derates above 75°C .................005. 15mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


transients avery the supplies of less than 100mA for less than 100.s. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


NOTE: When using these DACs to drive remote devices, the accuracy of the output can be improved by utilizing a remote analog 
groundconnection. The difference between the DGND and AGND should be limited to +300 mV to assure normal operation. If there 
is any chance that the AGND to DGND can be greater than -¢-1 V, we recommend two back-to-back diodes be used between DGND 
and AGND to clamp the voltage and prevent damage to the DAC. Using a buffer between the remote ground location and AGND may 
help reduce noise induced from long lead or trace lengths. 
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MSB 
SDI 1 
TED GD GL GD GYD GID G1 C9 GL GLI CD 
LV AV AVIV IN IVI NV INNA INS 
CLK 
0 


1 nas. 
LD \ / 
0 
DAC Register 
Loaded 


soo’ J PreviousData Cf XL 


2 aa ae 


Vout 
Notes: (1) Because A3is available immediately after 16th clock edge of DATA Shift-in, only 15 clock cycles are needed to 
complete the readback. 
Figure 1. Serial Data Timing and Loading 
i 
A tps & 
i 
Sai | a Can 4 
i 1 i i 
toy O - tHz1 A> A tHze © 
1 1 1 
SDO HIGH Z 
’ . 2 | ! 
“al tcH tpp ! > © tipsu © tiock + 
CLK | 1 \ 

0 1 i 1 1 1 

— tcKLD2 > 1 

& tol Ae | !CKLD1 ™ 
{ 

LD 
0 ee 
fc tLp > 
+FS ' 
VouT : 
s f- _ _ 3 


+1/2 LSB Band 
Notes: (1) CLK should be high during the falling edge of LD to insure proper function of the shift register. 


Figure 2. Serial Data Input Timing (RST = “1”) 


Note: Reset settling time is <tsp +1/2 LSB Error Band 


Figure 3. Reset Operation 
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The MP7612 is equipped with a serial data (3-wire standard) The LD signal going low also disables the serial data (SDI), out- 
U-processor logic interface to reduce pin count, package size, put (SDO 3-stated) and the CLK input. This design tremen- 
and board wire (space). If the LD signal is high, the CLK signal dously reduces digital noise and glitch transients into the DACs 
loads the digital input bits (SDI) into the shift register (4 bits ad- due to free running CLK and SDI. Note also that the preset sig- 
dress A3 to AO plus 12 bits data DB11 to DBO for the MP7612). nal (RST) resets all analog outputs to 0 volt regardless of digital 
The LD signal going low loads the data into the selected DAC. inputs. 


Stop Shifting 
Data In and 
Out 


Load DACs 


DAC 0 
DAC 1 


DAC 2 
DAC 3 
DAC 4 
DAC 5 
DAC 6 
DAC 7 
No Operation 


No Operation 
No Operation 


Reset all DACs x KR 
toOV 


Table 1. Digital Function Truth Table 
Serial In/Serial Out 


Note: For timing information see Electrical Characteristics 


Output Voltage = 2¢Vr(-1+ 2°D ) 
Hex Code Binary Code (Vr = +5 V) 4096 


—-----"O0O00000 O 

—.2..2-2-2-0-$$-=-O000 0O 
mae ---O=]=3200-=-0 oO 
|=O.---0-0-0-0=" oO 
HX KK OK OK OK OK OOK OK OK KOK OK 
MM = = RR KO OS OK 


~x< 
x< 


100000000000 
100000000001 


10 e (-1 +8199 ) 9.99512 
4096 


Table 2. MP7612 
Ideal DAC Output vs. Input Code 


Note: See Electrical Characteristics for real system accuracy 
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SERIAL INTERFACE DIAGRAMS 


VRI1& VY Voli = VRI2& Y VOl2 VRiIng Y VOIn 


SDI LD SDO SDI LD SDO 


Figure 5. Simplified Diagram 


VRI1 VOI VRI2 VOl2 VRIn VOIn 
5 a oS © ® 


SDO 
Address 


IC(n) 


SDI LD SDO 


LPC 
WR 
(SDI) Data In 
CLK 


TOM 


16 16 Address Bus 


74LS138 
ES 


ee 
d Fo Decoder 


AO to A15 


MC6800 
02 


R/W 


8 Data Bus 


DBO to DB7 


From SYSTEM RESET 


NOTES 
hs Execute consecutive memory write instructions while manipulating the data between WRITEs so that each 


WRITE presents the next bit. 
2. The serial data loading is triggered by the CLK pulse which is asserted by a decoded memory WRITE to 
memory location 2000, R/W, and 02. A WRITE to address 4000 transfers data from input shift register to DAC 


register. 


Figure 7. MC6800 Interface 


Address Bus 


AO to A2 


74LS138 
E3 Address 
d £9 Decoder 


WR 
| a. | beh. 0 


From SYSTEM RESET 
NOTES: 
1. Clock generated by WR and decoding address 8000. 
Bi Data is clocked in the DAC shift register by executing memory write instructions. The clock input is generated 
by decoding address 8000 and WR. Data is then loaded into the DAC register with a memory write instruction 
to address 4000. 
3. Serial data must be present in the right justified format in registers H & L of the microprocessor. 


Figure 8. 8085 Interface 


y Rev20 fF ff fF fF ff ff TOM 


4-177 


MP7612 
aR i lis 


PERFORMANCE CHARACTERISTICS 


2.5mV * 
OV 
—2.5mV 
Vout Settling 50us/Division 


Graph 1. Typical Output Settling Characteristic 
Vace = 5 V, A, = 5K, C, = 500pF 


Graph 1 shows the typical output settling characteristic of the MP7610 Family fora RESET +ZS-+FS-4ZS series 
of code transitions. The top graph shows the output voltage transients, while the bottom graph shows the differ- 
ence between the output and the ideal output. 


12-BIT LSB 


: @) 512 1024 15386 2048 2560 3072 93584 
CODE 


Graph 2. Linearity with 
Vrer = 5 V, All DACs, All Codes 
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4 


ee 


0.4 0.4 

0.35 0.35 

0.3 0.3 
B D 

F 0,25 F 0.25 
a a 
a . 

0.2 0.2 

0.15 0.15 

0.1 0.1 

5 4.5 4 3.5 5 4.5 4 3.5 
VREF VREF 
Graph 3. DAC OINL vs. Vref Graph 4. DAC 0 DNL vs. Vrer 


® 6 
5 a 

“OQ 512, 1024 —~«15386~=«4B 2560 «3072-9584 “QO S12. 1024 1536 2048 2560 3072 3584 

CODE CODE 
Graph 5. DAC 0 Linearity with Graph 6. DAC 0 Linearity with 
Vrer = 5 V, Vout = £10 Vrer = 4.5 V, Vout = +9 
5 a 
0.4 


“Oo” »512,,—»1024~«~‘SBS«2048= 2560 «3072 «3584 “OQ 512, -1024—«1886.~=«2048+~=—« 2560. 3072-3584 
CODE CODE 
Graph 7. DAC 0 Linearity with Graph 8. DAC 0 Linearity with 
Vrer = 4 V, Vout = +8 Vrer = 3-5 V, Vout = £7 
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MP7610 
Family 


CL = 500pF, 5nF, 50nF, 500nF 


Figure 9. Circuit for Determining Typical Analog Output Pulse Response 


2.0mMA 


Os 1.0ys 2.0us 3.0us 4.0us 5.0us 6.0us 


Graph 9. Typical Response of the MP7610 Family Analog Output to 
a Current Pulse with CL=500pF, 5nF, 50nF, 500nF 
(See Figure 9. above) 
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FEATURES 


e Eight Independent Channel 12-Bit DACs with 
Output Amplifiers 

e Low Power 320 mW (typ.) 

e Parallel Digital Data and Address Port 

e Double Buffered Data Interface 

e Readback of DAC Latches 

e Zero Volt Output Preset (Data = 10 .. 00) 

e 12-Bit Resolution, 11-Bit Accuracy 

e Extremely Well Matched DACs 


e Extremely Low Analog Ground Current (<60uA/Channel) ° 


GENERAL DESCRIPTION 


The MP7613 provides eight independent 12-bit resolution 
Digital-to-Analog Converters with voltage output amplifiers and 
a parallel digital address and data port. 


Built on using an advanced linear BiCMOS, these devices of- 
fer rugged solutions that are latch-up free, and take advantage 
of EXAR’s patented thin-film resistor process which exhibits ex- 
cellent long term stability and reliability. 


A standard Ll-processor and TTL/CMOS compatible 12-bit in- 


SIMPLIFIED BLOCK DIAGRAM 


DBO - DB11 g 


8 XEO - XE7 


— Control 


Logic RBO - RB7 


Ja 3Aagde 


Vec Vcc 


Vee Vee 


and Parallel Data/Address uP Control Logic 


AGND AGND Vper 


MP7613 


Octal 12-Bit DAC Array™ 
D/A Converter with Output Amplifier 


_ P See 
e +10 V Output Swing with +11.4 V Supplies 
e Rugged Construction — Latch-Up Proof 


e Serial Version: MP7612 


APPLICATIONS 


e Data Acquisition Systems 
e ATE 

e Process Control 

e Self-Diagnostic Systems 
e Logic Analyzers 

Digital Storage Scopes 

e PC Based Controller/DAS 


put data port loads the data into the pre-selected DACS. 


This device can easily be interfaced to a data bus, and digital 
readback of each channel is available. 


Typical DAC matching is 0.7 LSB across all codes. Accuracy 
of +0.75 LSB for DNL and +1 LSB for INL is achieved for B grade 
versions. The output amplifier is capable of sinking and sourc- 
ing 5mA, and the output voltage settles to 12-bits in less than 


30uUs (typ.). 


© VOO 


O VO7 


DGND DVpp 


MP7613 
ee eee 


ORDERING INFORMATION 


Package Temperature Res. INL DNL 
Type Range Part No. (Bits) (LSB) (LSB) 
pa a? (area Tae [eee ee ee ae eee ae een | 


—40 to +85°C MP7613BE 12 +0.75 
—40 to +85 MP7613AE 


41 


°c 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


See the following 
page for pin numbers 
and descriptions 


See the following 
page for pin numbers 
and descriptions 


44-Pin PQFP (14 mm x 14 mm) 44-Pin PGA 
Q44 G44 


See the following 
page for pin numbers 
and descriptions 


44-Pin PLCC 
P44 
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PIN OUT DEFINITIONS 


PLCC PQFP & PGA 
PIN NO. PIN NO. DESCRIPTION 
29 


N/C No Connection 

VO3 DAC 3 Output 

VEE Analog Negative Power Supply (—12 V) 
Voc Analog Positive Power Supply (+12 V) 
DGND Digital Ground (0 V) 


VREF Analog Positive Voltage Reference 
Input (+5 V) 


Analog Negative Voltage Reference 
Output (—2.5 V) 


Analog Positive Power Supply (+12 V) 


Analog Negative Power Supply (—12 V) 
DAC 4 Output 

No Connection 

DAC 5 Output 

DAC 6 Output 

DAC 7 Output 

Analog Ground (0 V) 

Chip Select Enable 

Read Back Enable 
Second—Latch-Bank Reset Enable 
First-Latch-Bank Reset Enable 
Second-—Latch-Bank Load Enable 
First-Latch-Bank Load Enable 
Digital Address Bit 2 

Digital Address Bit 1 

Digital Address Bit 0 

No Connection 

No Connection 

Digital Input Data Bit 0 (LSB) 
Digital Input Data Bit 1 

Digital Input Data Bit 2 

Digital Input Data Bit 3 

Digital Input Data Bit 4 

Digital Input Data Bit 5 

Digital Input Data Bit 6 

Digital Input Data Bit 7 

Digital Input Data Bit 8 

Digital Input Data Bit 9 

Digital Input Data Bit 10 

Digital Input Data Bit 11 (MSB) 


ON Oa fF WONMD = 


ice) 


ar ee Ce mee ee me ee en ee’ Cee 
Oo ON Oa FR WN + CO 


mM MO ND 
mw + O 


Digital Positive Power Supply (+5 V) 
Digital Ground (0 V) 

Analog Ground (0 V) 

DAC 0 Output 

DAC 1 Output 

DAC 2 Output 


Mm mH MY NY YM NW 
AN Oa & W 
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ELECTRICAL CHARACTERISTICS 
Voc = +12 V, Veg =-12 V, Vrer = 5 V, DVpp = 5.0 V, T = 25°C, Output Load = 5kQ (unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE 
Resolution (All Grades) 


Integral Non-Linearity End Point Linearity Spec 
(Relative Accuracy) 

A 

B 


Differential Non-Linearity 
A 
B 


Positive Full Scale Error 
A 
B 


Negative Full Scale Error 
A 
B 


Bipolar Zero Offset 
A 
B 


INL Matching 
A 
B 


All Channels Maximum Error 
with DAC 0 adjusted to 
minimum error 
A 
B 


Bipolar Zero Matching 
A 
B 


Full Scale Error Matching 
A 
B 


DYNAMIC PERFORMANCE 


Voltage Settling from LD ZS to FS (20 V Step) 
to VDAC Out! 

Channel-to-Channel Crosstalk": © DC 

Digital Feedthrough’: © CLK and Data to Vout; 

Power Supply AVeg & AVcc = +5%, ppm of FS 
Rejection Ratio 


REFERENCE INPUTS 


Impedance of Vrer 350 See Application Hints for driving 
the reference input 
Vrer Voltage! 2 


Fy Rv 20 fF fF Ff fF fF f/f TOM 


MP7613 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DIGITAL INPUTS? 


Logic High 

Logic Low 

Input Current 
Input Capacitance! 


ANALOG OUTPUTS 


Output Swing 

Output Drive Current 

Vrern Output Drive Current 
Output Impedance 

Output Short Circuit Current 


DIGITAL OUTPUTS 


Output High Voltage 
Output Low Voltage 


POWER SUPPLIES 


Voc Voltage® 
Veg Voltage® 
DVpp Voltage 


Positive Supply Current 
Negative Supply Current 
Digital Supply Current 
Power Dissipation 


ANALOG GROUND CURRENT 


Per Channel! 


DIGITAL TIMING 
SPECIFICATIONS'4 


Data Setup Time 

Data Hold Time 

Address Set-up Time 

Address Hold Time 

Chip Select to LD7 Set-up Time 

Chip Select to LD7 Hold Time 

LDT Pulse Width 

LDT Negative Edge to LD2 
Positive Edge 

[D2 Pulse Width 

Chip Select to RD Set-Up Time 

Chip Select to RD Hold Time 

RD Pulse Width 

High Z to Data Valid for Readback 

Data Valid for Readback to High Z 

Ri Pulse Width 

R2 Pulse Width 


Y Rv 20 fF fF ff ff f/f 


Voc -1.4 
5 
+10 For test purposes only 


+FS to AGND 
+FS to Vee 
—FS to AGND 
—FS to Vcc 


Vrert+1.5 12 Vrert+1.5 12,75 
—12.75 -—12 -12.75 —5 
4.5 ' 4.5 5.5 

10 Bipolar zero 

Bipolar zero 

Bipolar zero 

Bipolar zero 


See Application Notes 


Vir=OV, Vin =5 V, CL=20 pF 


tbH 

tas 

taH 
tcs1 
tcH1 
tLb1w 
tLD1LD2 


tLp2w 
tcs2 
tcH2 
tap 
tba 
tor 
R1iW 
R2W 


Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 

L Guaranteed; not tested. 

2 Specified values guarantee functionality. 

3 Digital inputs should not go below digital GND or exceed DVpp supply voltage. 

4 See Figures 1, 2, and 3. All digital input signals are specified with tp = te = 10 ns 10% to 90% and timed from a 50% voltage level. 
5 For power supply values < +2+Vpe_r, the output swing is limited as specified in Analog Outputs. 

6 


Digital feedthrough and channel-to-channel crosstalk are heavily dependent on the board layout and environment. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Voo WAGND pcccscccsanedvser rane devansianes +16.5V Digital Input & Digital Output Voltage to: 

Veet AGND 20... eceeceseeeeeeeeeeeeene 65V0 0 BGR se B8y 
DVop TO DGND vewceversdace ents creseeseeeens +6.5 V Operating Temperature Range .......... ~40°C to +85°C 
Ver to DGND ....... 1... cere ee eee eee ees +7.0V Maximum Junction Temperature ................. 150°C 
Analog Outputs & Inputs _E@50 ° 
Infinite Shorts to Vcc, Vee, DVpp, AGND and DGND Storage Temperature abd eaaueeeuas 65°C to +150°C 
(provided that power dissipation of the package spec is not Lead Temperature (Soldering, 10 sec) ........... +300°C 
exceeded) Package Power Dissipation Rating to 75°C 

AGO DGAD 5 cccrenegcewaseamadaxevn censen ies +1V POFP. PGA, PLOO ...ccecanccnnsentseaws 800mW 
(Functionality guaranteed for 0.5 V only) Derates above 75°C .............0 000 ee 11mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


NOTE: When using these DACs to drive remote devices, the accuracy of the output can be improved by utilizing a remote analog 
groundconnection. The difference between the DGND and AGND should be limited to +300 mV to assure normal operation. If there 
is any chance that the AGND to DGND can be greater than +-1 V, we recommend two back-to-back diodes be used between DGND 
and AGND to clamp the voltage and prevent damage to the DAC. Using a buffer between the remote ground location and AGND may 
help reduce noise induced from long lead or trace lengths. 


Vin. ft J ff ff 7 7 7. 
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Data 1 | | 
Input/Output 0 ) x 
1 i 


Bus c tps ae tpH 
Address 1 v ’ 
A0-A2 P 
A tas eta 
1 l l F toni? 
Chip lees 5 don't care ! ae don’t care 
e- + 1 
t 
Load Latch A 2 
LD1 0 ; J 
- tLo1LD2 ™ 
Load Latch B en: Te aa 
aa tLp2w > 
+FS 
oe te 
- tsp = 


Figure 1. Loading Latch A and Updating Latch B 


Notes 
(1) Chip Select (CS) and Load LATCHA (LD1) Signals follow the same timing constraints and are interchangeable 
in the above diagram. 
(2) Ri=R2=1. 
(3) For the case where LD2 is in the low state, analog output would respond to the falling edge of LDT (transparent mode). 


"ROAD A, A a aS a 
A0-A2 0 
kaa 1 derttoars l don’t care 
0 1 I 


Data Readback 
RD 


| ) ! 
: tba tor 
DA DR 
Digital Output Data 1 HIGH-Z © ‘ HIGH-Z 
DO to D13 0 
Figure 2. Read Back First Latch Bank of One DAC 
Notes 


(1) Chip Select (CS) and Data Readback (RD) Signals follow the same timing constraints and are interchangeable 


in the above diagram. 
(2) RAi=R2=1. 


le ~ 
{ ) R1W i 
RT 9 Reset first latch bank to 
1O0G ve 00s 0000 - 
RD! 
q Reset second latch bank to 1000..... 0000 and analog f 1 
output to zero volt. 


Figure 3. Reset Operations 


Vin. f f 7 ff ff 
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A standard u-processor and TTL/CMOS compatible input | 


data port loads the data into the pre-selected DACS. If CS=0, 
the chip accesses digital data on the bus. Then address bits AO 
to A2 select the appropriate DAC and LD1 loads the data into the 
first-latch-bank. When all 8-channels first-latch-banks are 
loaded, then LD2 enables the second-latch-bank and updates 


Load Latch 1 of DAC1 
Load Latch 1 of DAC2 
Load Latch 1 of DAC3 
Load Latch 1 of DAC4 
Load Latch 1 of DAC5 
Load Latch 1 of DAC6 
Load Latch 1 of DAC7 
Load Latch 1 of DAC8 


—_ —- - -—- © OO O 
—-— - OO —-— =+— O O 
-—-~o--'oOo--+-O0O-+- Oo 


Read Latch 1 of DAC1 
Read Latch 1 of DAC2 
Read Latch 1 of DAC3 
Read Latch 1 of DAC4 
Read Latch 1 of DAC5 
Read Latch 1 of DAC6 
Read Latch 1 of DAC7 
Read Latch 1 of DAC8 


--00-;-00 
-—-— OoO-- OoO-+- Oo + O 


Reset Latch 1 of DACi—8] x x ¥ 
Reset Latch 2 of DAC1—>8| x "4 4 


Note: 1: High, 0: Low, X: Don’t Care 


Function | az_at_ao| Ro | cor| to] cs | rt | me 


Ze EXAR 


all 8- channels simullaneausty The selected DAC becomes 
transparent (activity on the digital inputs appear at the analog 
output) when both LD1 = LD2 = 0. 


Ri =0 resets the first-latch-bank. R2 = 0 resets the second- 
latch-bank which sets the analog output to zero volts (data = 


100...00), regardless of digital inputs. 


io) 


a ee ee ee Cee ee 
oR oe ok Ok, a, CO, 
oo © oo © & 


1 1 
1 1 
1 1 
1 1 
1 1 
1 

{ 

1 


{ 1 1 1 
: 1 1 ; 1 1 
0 1 1 0 1 1 
0 1 1 0 1 1 
0 1 1 0 1 1 
0 1 1 0 1 1 
0 1 1 0 1 { 
0 1 { 0 1 1 
Xx Xx X x 0 1 
Xx X X Xx 1 0 


Table 1. Octal Parallel Data Input 14-Bit DAC Truth Table 


Note: For timing information see Electrical Characteristics 


3-8 
Decoder 


AO to A2 


To first latch bank enable 


To switches across the first latch 
bank for readback enable 


To second latch bank enable 
To reset all first latch bank 


To reset all second latch bank 


Figure 4. Simplified Parallel Logic Port 
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Output Voltage = 2eVr(-1+ 2eD ) 
Hex Code ay Pes | Code (Vr = +5 (Lt, | 4096 


000 |  c00000000000 | oooo00000000 | ~=~SC~*«é<‘is«‘Y (1 0)=-1N0'—“<«+;*«~*W 


4094 \ _ 
peed 011111111111 10¢ on 
+4096 ) 
10 @ (-1 +4098) ~ 4.88 mv 
<a 100000000001 ( aaa! 
i] 


Table 2. MP7613 
Ideal DAC Output vs. Input Code 


Note: See Electrical Characteristics on pages 28-30 for real system accuracy 


AO to A15 


Address 
Decoder 


AO to A2 


LDT 


From System Reset 


DBO to DB16 


From System Reset 


12 0r 14 


DBO to DB11 
or DB13 


Figure 5. Parallel uP Interface 
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PERFORMANCE CHARACTERISTICS 


OV 


~11V 
Vout 


2.5mV 


OV 


—2.5mV 
Vout Settling 50us/Division 


Graph 1. Typical Output Settling Characteristic 
Voer = 5 V, Ay = 5K, C, = 500pF 


Graph 1 shows the typical output settling characteristic of the MP7610 Family fora RESET +ZS-+FS-4ZS series 
of code transitions. The top graph shows the output voltage transients, while the bottom graph shows the differ- 
ence between the output and the ideal output. 


12-BIT LSB 


Oo 512 1024 1536 2048 2560 3072 3584 
CODE 


Graph 2. Linearity with 
Vrer = 5 V, All DACs, All Codes 


Fev 20 ff fF Ff fF fF f TC)M 
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0.4 0.4 

0,35 0.35 

0.3 0.3 
a at) 
g g 

F 0.25 F 0.25 
a a 
wv = 

0.2 0.2 

0.15 0.15 

0.1 0.1 

5 4.5 4 3.5 5 4.5 4 3.5 
VREF VREF 
Graph 3. DAC OINL vs. Vper Graph 4. DAC 0 DNL vs. Vper 


a a 
. : 
ca x 

: O §12 1024 1586 2048 2560 3072 39584 : 0 512 1024 15386 2048 2560 3072 3584 

CODE CODE 
Graph 5. DAC 0 Linearity with Graph 6. DAC 0 Linearity with 
VReEF a V; Vout = +10 VREF = 4.5 V, Vout — So 

& a 
2 = 


: 10) 512 1024 1586 2048 2560 3072 95984 : 0) 512 1024 1596 2048 2560 39072 35864 
CODE CODE 
Graph 7. DAC 0 Linearity with Graph 8. DAC 0 Linearity with 
Vrer = 4 V, Vout = +8 VrerF = 3-5 V, Vout = +7 
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500pF on ip 


2mA 


! 


CL = 500pF, 5nF, 50nF, 500nF 


Figure 6. Circuit for Determining Typical Analog Output Pulse Response 


2.0mMA 
I 
0.0 


Os 1.0us 2.0us 3.0us 4.0us 5.Ous 6.0us 


Graph 9. Typical Response of the MP7610 Family Analog Output to 
a Current Pulse with CL=500pF, 5nF, 50nF, 500nF 
(See Figure 9. above) 


F200 ff ff fF ff fF TOM 


4-192 


le EXAR 


FEATURES 


e Full Four-Quadrant Multiplication 

e Excellent Stability Over Temperature and Time 
e Guaranteed Monotonic 

e TTL/5 V CMOS Compatible 


MP7614 


15 V CMOS 
Multiplying 14-Bit 
Digital-to-Analog Converter 


e Low Sensitivity to Output Amplifier Vos 
e Low Glitch Energy 
e 16-Bit Version: MP7616 


GENERAL DESCRIPTION 


The MP7614 is a high density 14-bit CMOS multiplying Digi- 
tal-to-Analog Converter. Silicon nitride passivation and un- 
trimmed silicon chromium resistors have been combined to pro- 
vide long term stability and reliability. Using the most significant 
bit (MSB) segmentation technique, the MP7614 features 13-bit 
(0.012%) differential and 12-bit (0.01%) integral linearity. 


To achieve 13-bit linearity without laser trim, the MP7614 digi- 
tally decodes the four MSB’s into 15 equal current sources, 


SIMPLIFIED BLOCK DIAGRAM 


4 to 15 Decoder 


y Rev.20 f 4 4 ff ff f 


rather than the standard binary-weighted sources. Each resis- 
tor contributes only 1/16 full scale output thus reducing the 
matching accuracy requirement of the resistor and CMOS 
switches from 0.0015% to 0.006%. 


The decoding technique achieves an eightfold improvement 
in differential linearity stability over temperature, an eightfold im- 
provement in relative accuracy due to aging effects (long term 
stability), a fourfold improvement in glitch amplitude, and a ten- 
fold reduction in sensitivity to output amplifier offset voltage. 


To 10-Bit DAC 


GND 


TOM’ 
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De eee 


ORDERING INFORMATION 
Gain Error 


Package Temperature INL DNL 
an Range (LSB) (LSB) (% FSR) 


LPrsicop | ere | weve | a4 __| _st__{_s98 | 
a ee ee 
MP7614KS a a 


*Contact factory for non-compliant military processing 
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PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louTt Ree louTi 1s Rep 
louT2 VREF lout2 2 VREF 
GND Vpp GND 3 Vpp 
(MSB) BIT 1 BIT 14 (LSB) (MSB) BIT 1 4 BIT 14 (LSB) 
BIT 2 BIT 13 BIT 2 5 BIT 13 
BIT 3 BIT 12 BIT 3 6 BIT 12 
BIT 4 BIT 11 BIT 4 7 BIT 11 
BIT 5 BIT 10 BIT 5 8 BIT 10 
BIT 6 BIT 9 BIT 6 9 BIT 9 
BIT 7 BIT 8 BIT 7 10 BIT 8 
20 Pin CDIP, PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) 
D20, N20 $20 


PIN OUT DEFINITIONS 


Current Output 1 Data Input Bit 8 
Current Output 2 Data Input Bit 9 

Ground Data Input Bit 10 

Data Input Bit 1 (MSB) Data Input Bit 11 

Data Input Bit 2 Data Input Bit 12 

Data Input Bit 3 Data Input Bit 13 

Data Input Bit 4 Data Input Bit 14 (LSB) 


Data Input Bit 5 Positive Power Supply 


Data Input Bit 6 Reference Input Voltage 


Data Input Bit 7 Internal Feedback Resistor 


TOM 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 15 V, VREF = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


a ES I IEE 


STATIC PERFORMANCE™ FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity® Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 
J,S 
K, T 


Differential Non-Linearity® 
Js 
Kah 


Gain Error ; Using Internal Reg 


Gain Temperature Coefficient? +1. : AGain/ATemperature 
Non-Linearity Tempco? 
Differential Linearity Tempco? 


Power Supply Rejection Ratio + + + [AGain/AV ppl AVpp = + 5% 


Output Leakage Current® 


DYNAMIC PERFORMANCE? 


Current Settling Time To 0.01% of FSR; all digital inputs 
low to high and high to low 


Feedthrough at lout Vref = 20 V p-p @ 10 kHz 
REFERENCE INPUT 

Input Resistance 

DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “0” Voltage 
Input Leakage Current 


ANALOG OUTPUTS? 


Output Capacitance 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY4 


Functional Voltage Range? 
Supply Current . All digital inputs = 0 V or all=5 V 


Y Rv.20 fF fF fF Ff ff f / 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 

Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 

Linearity error is degraded by 65LLV for every mV of voltage offset at output amplifier. 

Outputleakage current refers to loyt;. 1 LSB of current constantly flows into loyt2 (30nA at 5 kQ input impedance, Vage=+10 V) 
due to ladder termination into IouTo. 


oOo a fF wWNMD — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Won GND: occ. ceenoneensevssisineunaanne 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND -0O.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1, lout2 toGND ........... GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

VpReF to GND .......... ccc eee e cece cece eect eee +25 V CDIP, PDIP, SOIC ........ 2... c cece eee eee. 900mW 
Vergi6 GUD ssv0tchivntoneareeve sed aveeeesx eas +25 V Dérates Above 75°C ciucccckvvtcevvvwewe 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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FEATURES 


e Monolithic CMOS Construction 

e Full Four-Quadrant Multiplication 

e Excellent Stability Over Temperature and Time 
e TTL/5 V CMOS Compatible 

e Guaranteed Monotonic 


MP7616 


15 V CMOS 
16-Bit Multiplying 
Digital-to-A 


e Low Sensitivity to Output Amplifier Vos 
e Low Glitch Energy 

e Buffered Version: MP7626 

e 5 V Version: MP7616B 


GENERAL DESCRIPTION 


The MP7616 is a high density 16-bit CMOS multiplying Digi- 
tal-to-Analog Converter. Silicon nitride passivation and un- 
trimmed silicon chromium resistors have been combined to pro- 
vide long term stability and reliability. Using the most significant 
bit (MSB) segmentation technique, the MP7616 features 13-bit 
(0.012%) differential and 12-bit (0.01%) integral linearity. 


To achieve 13-bit linearity without laser trim, the MP7616 digi- 
tally decodes the four MSB’s into 15 equal current sources, 


SIMPLIFIED BLOCK DIAGRAM 


Vop 
@ 


4 to 15 Decoder 
ens eee ee 


y Rv 20 fF Ff ff f ff f 


To 12-Bit DAC 


rather than the standard binary-weighted sources. Each resis- 
tor contributes only 1/16 full scale output thus reducing the 
matching accuracy requirement of the resistor and CMOS 
switches from 0.0015% to 0.024%. 


The decoding technique achieves an eightfold improvement 
in differential linearity stability over temperature, an eightfold im- 
provement in relative accuracy due to aging effects (long term 
stability), a fourfold improvement in glitch amplitude, and a ten- 
fold reduction in sensitivity to output amplifier offset voltage. 


TOM 
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ORDERING INFORMATION 


Par [meee [oe [ae eae 
Type Range (LSB) (LSB) (% FSR) 

SS ee ee 
ee a ee 


*Contact factory for non-compliant military processing 


Go 


PIN CONFIGURATION See Packaging Section for Package Dimensions 
N/C 1 BIT 2 
BIT3 BIT 2 BIT 3 2 BIT 1 (MSB) 
BIT 4 BIT 1 (MSB) BIT 4 3 GND 
BIT 5 GND BIT 5 4 lout2 
BIT 6 lout2 BIT 6 5 louti 
BIT 7 louT1 BIT 7 6 Rep 
BIT 8 Rep BIT 8 7 VREF 
BIT 9 VREF BIT 9 8 Vop 
BIT 10 Vop BIT 10 9 BIT 16 (LSB) 
BIT 11 BIT 16 (LSB) BIT 11 BIT 15 
BIT 12 BIT 15 BIT 12 BIT 14 
BIT 13 BIT 14 BIT 13 N/C 
22 Pin CDIP, PDIP (0.400’’) 24 Pin SOIC (Jedec, 0.300”) 
D22, N22 $24 


PIN OUT DEFINITIONS 


No Connection ‘toe Connection 

Data Input Bit 3 Data Input Bit 14 

Data Input Bit 4 Data Input Bit 15 

Data Input Bit 5 Data Input Bit 16 (LSB) 
Data Input Bit 6 Positive Power Supply 
Data Input Bit 7 Reference Input Voltage 
Data Input Bit 8 Internal Feedback Resistor 


Data Input Bit 9 Current Output 1 

Data Input Bit 10 Current Output 2 

Data Input Bit 11 Ground 

Data Input Bit 12 Data Input Bit 1 (MSB) 
Data Input Bit 13 Data Input Bit 2 


- + OON Oa WND — 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vref = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity® Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 

J 

K, T 


Differential Non-Linearity® 
J 
K, T 


Gain Error Using Internal Reg 

Gain Temperature Coefficient® +2. AGain/ATemperature 
Non-Linearity Tempco? 

Differential Linearity Tempco 

Power Supply Rejection Ratio + * + [AGain/AVppl AVpp = + 5% 
Output Leakage Current® 


DYNAMIC PERFORMANCE? 


Current Settling Time To 0.01% of FSR; all digital inputs 
low to high and high to low 


Feedthrough at lout VrReF = 10kHz, 20 Vp-p 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS? 


Output Capacitance 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY* 


Functional Voltage Range* 
Supply Current ‘ All digital inputs = 0 V or all=5 V 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 

Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 

Linearity error is degraded by 65yV for every mV of voltage offset at output amplifier. 

Output leakage current refers to Ioyt1. One LSB of current constantly flows into loyt2 (30nNA at 5kQ input impedance, 
Vref = +10 V) due to ladder termination into lout. 


oar ODM — 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


VG tOlEND sree ebdsrdsensctensavasaneened 0 to+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND-—-0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1; lout2 toGND ........... GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Weer TO GND: 2ceccinn dedanes vapewesadwrs cnarids +25 V COIP, PDIP, SOI wc ciciatnaaenaecanetcdes 1000mW 
NGERTOTING oi3 ev ede kKan wee be w wok ed ew nae ed en +25 V Derates above 75°C ......... cece eee eee 13mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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FEATURES 


e Pin Compatible with MP7541 
e 12-Bit Linearity 
e Four Quadrant Multiplication 
e Low Feedthrough Error 
e Latch-Up Free 
e Ultra Stable 
—- 0.2 ppm/°C Max Linearity Tempco 
— 2ppm/°C Max Gain Error Tempco 
e Guaranteed Monotonic Over Temperature 
e Low Output Capacitance 
— Courti = 52 pF at full scale, Gives Fastest 
Settling Times, and Larger Stable Bandwidth 
Capability 


Le a 


MP7623 


15 V CMOS 
Multiplying 12-Bit 
Digital-to-Analog Converter 


e Low (330 pV/mV) Sensitivity to Amplifier Offset 
e Low Glitch Energy 

e TTL/CMOS Compatible 

e Use MP7541B for New Designs 


BENEFITS 


e Better Performance over Temperature 

e Increased Accuracy 

e Lower System Cost for Given Accuracy 
e Faster Operation 


GENERAL DESCRIPTION 


The MP7623 is a 12-bit Digital-to-Analog Converter with a 
substantial increase in speed and analog performance over the 
industry standard 7541. The MP7623 incorporates a unique de- 
coding technique yielding lower glitch, higher speed and excel- 
lent accuracy over temperature and time. 12-bit linearity is 
achieved with minimal or no trimming. The MP7623 is manufac- 
tured using an advanced thin film resistor and double metal 
CMOS process. Outstanding features include: 

— Stability: Both integral and differential linearity tempco are 
rated at 0.2 ppm/°C maximum, and monotonicity is guaran- 
teed over the entire temperature range including the indus- 
trial and military ranges. Scale factor tempco is a low 2 


ppm/°C maximum. 


— Low Output Capacitance: Due to smaller MOSFET switch 
geometries allowed by decoding, the output capacitance at 


Vin. Jf Jf ff f 
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lout1 is a low 52 pF/26 pF and 13pF / 45 pF at loyrto for the 
conditions full-scale/zero. This is four times less than the 
7541. Lower capacitance allows the MP7623 to achieve 
faster CMOS DAC settling times; less than 1 us fora 10 V 
step to 0.01% when utilizing a high speed output amplifier. 
Larger output amplifier bandwidths are available (for a given 
amplifier loop gain) because a smaller feedback “zero” com- 
pensating capacitor is required to offset the smaller Ioy7 ca- 
pacitance. 


Low Sensitivity to Output Amplifier Offset: 4 quadrant multi- 
plying CMOS DACs provide an output current into the virtual 
ground of an op amp. The additional linearity error incurred 
by amplifier offset is reduced by a factor of 2 in the MP7623 
over conventional R-2R DACs, to 330LLV per millivolt of off- 
set. 


TOM’ 
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SIMPLIFIED BLOCK DIAGRAM 


f) 
2 to 3 Decoder 
1 


Switch Drivers & Switches 


BIT 1 BIT 12 
MSB LSB 


3 Segment D/A Converter with Termination to DGND 
Logical “1” at Digital Input Steers Current to Ioyrti 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range | (LSB) (LSB) (% FSR) 


soic__| -40to+85°C_|  mpre2aus 


*Contact factory for non-compliant military processing 


Vin20f J 7 7 7 7 
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Microprocessor Compatible 
>» <a EXAR Buffered Multiplying 16-Bit 
/N Digital-to-Analog Converter 


MT: 


FEATURES APPLICATIONS 

e Four Quadrant Multiplication e Digitally Programmable References 

e 16-Bit Monotonicity e Programmable Audio Attenuator 

e Low Power Consumption e High Accuracy Process Control Systems 
e TTL/5 V CMOS Compatible e Automatic Test Equipment 

e Single-Buffered or Transparent Data inputs e Easy Interface to 8 and 16-Bit 

e Decoded DAC Approach Microprocessor Buses 


e Latch-Up Free 
e 8-Bit Bus Version: MP7636A 


GENERAL DESCRIPTION excellent accuracy over temperature and time. 16 bit differential 


non-linearity is achieved with minimal trimming. 
Two 8-bit latches (MSB latch and LSB latch) hold the 16-bit 
The MP7626 is a CMOS 16-bit Digital-to-Analog Converter gata which are converted by the DAC. A 16-bit bus can load 
(DAC) that is manufactured using advanced thin film resistors —_ both latches in one cycle. An 8-bit bus loads one latch at a time. 
on a double metal CMOS process. It incorporates a unique bit By making the latches transparent (MSB latch = LSB latch = 
decoding technique yielding lower glitch, higher speed and High) the DAC will continuously convert the BIT1 - BIT 16 inputs. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


VREF Vpp 


LATCH | | 
Rr | 
16-Bit _— OUTPUT ———7" 


Multiplying 
DAC 
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ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 


*Recommend using MP7626KN or JN 


PIN CONFIGURATION 
See Packaging Section for Package Dimensions 


N/C DB8& DB6 DB4 
N/C__ DB7 _ DB5 


DB4 DB3 
DBS pDB2 DB DB3 
DB6 DB1 DB10 Ie DB2 
DB7 DBO (LSB) B14 re 
DB8 MSB LATCH 
DB9 LSB LATCH DB12 La] DBO (LSB) 
DB10 GND DB13 Lg. MSB LATCH 
DB11 Vpp DB14 LSB LATCH 
DB12 lout (MSB) DB15 GND 
DB13 louT2 
DB14 Rep 
(MSB) DB15 VREF N/C Rep lout1 N/C 
VreF lout2 Vop 
24 Pin PDIP, CDIP (0.600”) 28 Pin PLCC 
N24, D24, C24 P28 


PIN OUT DEFINITIONS 


Reference Input Voltage 
Data Input Bit 5 Internal Feedback Resistor Pin 
Data Input Bit 6 Current Output 2 
Data Input Bit 7 Current Output 1 
Data Input Bit 8 Power Supply 
Data Input Bit 9 Ground 


Data Input Bit 10 LSB Latch Enable 
Data Input Bit 11 MSB Latch Enable 
Data Input Bit 12 Data Input Bit 0 (LSB) 
Data Input Bit 13 Data Input Bit 1 

Data Input Bit 14 Data Input Bit 2 

Data Input Bit 15 (MSB) Data Input Bit 3 
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ELECTRICAL CHARACTERISTICS 
(VDD = + 15 V, VREF = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Relative Accuracy Best Fit Straight Line Spec. 
J (Max INL — Min INL) / 2 
K 


Differential Non-Linearity 
J 
K 


Gain Error +0. Using Internal Reg 

Gain Temperature Coefficient? AGain/ATemperature 
Power Supply Rejection Ratio + + [AGain/AVpp| AVpp = + 5% 
Output Leakage Current + lout 

DYNAMIC PERFORMANCE2 R, =100Q, C.=13pF 


Current Settling Time Full Scale Change to 0.1% 
AC Feedthrough at lout} Vref = 10kKHz, 20 Vp-p, sinewave 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


ANALOG OUTPUTS? 


Output Capacitance 
DAC Inputs all 1’s 


DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


POWER SUPPLY 


Functional Voltage Range® 
Supply Current All digital inputs = 0 V or all=5 V 


TOM 
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ELECTRICAL CHARACTERISTICS (CON’T) 


sii Tmin to Tmax 
aT eeteetenta | | Sympol | Lae ee Max Test Lee nee ee 


SWITCHING ~~: 
= 


CHARACTERISTICS?: 4 


Data Valid to Write Set-Up Time 
Write Strobe Width 


NOTES: 

1 Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 See timing diagram. 

5 


Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)!: 2 


SURO VOUGGS bsacesnasvicasaeeenxennsiewese +17 Voc Storage Temperature Range ............ —65°C to 150°C 
Voltage at Any Digital Input ..... GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

DC Voltage Applied to Ioyt1 or Ioyt2 .. GND —0.5 to +17 V GDIP, POU, PLCG .nssscnas ce casne eae anus 1050mW 
Voltage at Vere Rep inputs ..............-...0-6- +25 V Derates above 75°C ............ 0... e eae, 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100us. 


APPLICATION NOTES 
Refer to Applications Section for Additional Information 


LATCH CONTROL TIMING DIAGRAM 


MSB LSB 
LATCH LATCH FUNCTION 


Data Latched (Held) 
Transfer (DB15-DB8) to DAC 
Transfer (DB7-DBO) to DAC 
Transparent Mode 


Data Changing 


Data Stable 


0 
0) 
1 
1 


OUTPUT 
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PERFORMANCE CHARACTERISTICS 


LSB 


Graph 1. Relative Accuracy vs. Digital Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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FEATURES 


e Readback Capability for all DACs 

e On-Chip Latches for All DACs 

e Linearity Grades to +1/8 LSB 

e Single Supply Voltage (5 Volt) 

e DACs Matched to 1% 

e Four Quadrant Multiplication 

e Microprocessor TTL/CMOS Compatible 
e Latch-Up Free 

e Dual Version: MP7529B 


(4 4 


APPLICATIONS 


e Microprocessor Controlled Gain and Attenuation 


MP7628 


5 V CMOS 
Quad Multiplying 8-Bit 
Digital-to-Analog Converter 


SESS 


Circuits 


e Microprocessor Controlled/Programmable 


Power Supplies 


e Hardware Redundant Applications Requiring 


Data Readback 


GENERAL DESCRIPTION 


The MP7628 is a quad 8-bit Digital-to-Analog Converter de- 
signed using a decoded DAC architecture featuring excellent 
DAC-to-DAC matching and guaranteed monotonicity. 


Separate on-chip latches are provided for each DAC to allow 
easy microprocessor interface. 


The readback function allows the user to poll or read the data 
latches, eliminating the need for storing information in RAM. In 
the event the microprocessor power supply is interrupted, it can 
poll the DACs to establish the last known system state. 


SIMPLIFIED BLOCK DIAGRAM 


Data is transferred into any of the four DAC data latches via 
common 8-bit TTL/CMOS compatible input port. Control inputs 
DS71, DS2 and A/B determine which DAC is to be loaded. The 
MP7628’s load cycle is similar to the write cycle of a random ac- 
cess memory and the device is bus compatible with most 8-bit 
microprocessors. 


The device operates at +5 V power supply and dissipates 
less than 5mW. 


All DACs offer excellent four quadrant multiplication charac- 
teristics with a separate reference input and feedback resistor 
for each DAC. 


Vpp Vrerp VREFA 
Tx Pron 
a loUTIA 
c_ THREE-STATE 
BUFFER 
DBO ; NN lourea/ 
(LSB) : OUT2B 
DIRECTIONAL 
DB7 DRIVER _— | 
OUT1B 
(MSB) Ce THREE-STATE 
BUFFER 2 
a FBB 
R 
— os . 
erie! louT1 G 
os bel 
a ee 
A/B foutac! 
R/W CONTROL OUT2D 
LOGIC 
DS1 louTiD 
DS2 
Repo 


Vrerc VREFD 
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ORDERING INFORMATION 


ce Pee | nn [eae 
Type Range (LSB) (LSB) (% FSR) 
£18 
20.9 
+18 
20.9 


-85 to +125°C | _MP7628SD" 
55 to +125°C | MP7628TD* 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


loutia VreraA GND Rego 
Resa Vpp  Vrerc 


Vpp GND 7) 
VREFA VREFC 2 
ReBa Resc 3 lout2a/ 
lOUTIA louT1C louT2B 
lout2a/louT2B loutzc/loutzp P louT1B 
louT1B louT1D 6 See Rees 
RreB Rrep 7 Y, 
VREFB VREFD 8 ‘DBO 
(LSB) DBO DS2 9 (LSB) 
DB1 DST DB1 
DB2 R/W 
DB3 A/B a 
DB4 DB7 (MSB) 
DB5 DB6 
28 Pin CDIP, PDIP (0.600’’) 28 Pin SOIC (Jedec, 0.300”) 28 Pin PLCC 
D28, N28 $28 P28 


louTic 
lout2c/ 
louT2D 
louT1D 


Repo 


VREFD 
DS2 


DST 
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PIN OUT DEFINITIONS 


PIN wo.| NAME DESCRIPTION 


Vop Power Supply 

VREFA Reference Voltage for DAC A 
Repa Feedback Resistor for DAC A 
IOUTIA Current Output 1 DACA 


louT2a/ Current Output 2 DAC A/DAC B 
louT2B 


louT1B Current Output 1 DAC B 
Resp Feedback Resistor for DAC B 
VREFB Reference Voltage for DAC B 
DBO Data Input Bit 0 (LSB) 

DB1 Data Input Bit 1 

DB2 Data Input Bit 2 

DB3 Data Input Bit 3 

DB4 Data Input Bit 4 


Data Input Bit 5 

Data Input Bit 6 

Data Input Bit 7 (MSB) 

DAC Selection 

Read/Write 

Control 1 

Control 2 
VREFD Reference Voltage for DAC D 
Regp Feedback Resistor for DAC D 
louTiD Current Output 1 DAC D 


lout2c/ Current Output 2 DAC C/DAC D 
louT2D 


louTic Current Output 1 DAC C 


Regc Feedback Resistor for DAC C 


VREFC Reference Voltage for DAC C 


GND Ground 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vraer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity Spec. 
(Relative Accuracy) 

J,A,S 

K, B, T 


Differential Non-Linearity All grades monotonic over full 
J,A,S temperature range. 


K, B, T 


Gain Error Using Internal Reg 
J,A,S +1. 1. Digital Inputs = VINH 
8 


K, B, T 
Gain Temperature Coefficient@ + AGain/ATemperature 


Power Supply Rejection Ratio [AGain/AVpp| AVpp = + 5% 
Digital Inputs = Viny 


Output Leakage Current (all) + Digital Inputs = Vin, 


REFERENCE INPUT 


Voltage Range? 
Input Resistance 


DIGITAL INPUTS? 


Logic Thresholds 


VINH 


VINL 
Input Leakage Current 


Input Capacitance? 
DATA BUS OUTPUTS 


Output Capacitance 
Input Leakage Current 


ANALOG OUTPUTS 


Propagation Delay? From digital input to 90% of 
final analog output current 
Output Capacitance 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
Glitch Energy? Typical for code transition from 
all 0’s to all 1’s 
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ELECTRICAL CHARACTERISTICS (CON’T) 


25°C Tmin to Tmax 
Parameter Symbol Min a al Max aided Max Test Lest eoneitiens Comment | 


POWER SUPPLY® 


Functional Voltage Range? 
Supply Current All digital inputs = 0 V or all=5 V 


SWITCHING 
CHARACTERISTICS: 4 


Data Write Time 
Write Strobe Req. 
Data Hold Time 
Data Read Time 
3-state Hold Time 
Read Strobe Req. 


NOTES: 

1 Full Scale Range (FSR) is 10V for unipolar mode. 

e Guaranteed but not production tested. 

3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


AN 


See timing diagrams. 
Specified values guarantee functionality. Refer to other parameters for accuracy. 


on 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Ven lOGND ceciivscecsian steve eversases wenn aves +7V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1, lout2 to GND (2) ........ GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

Men lGGNO) ossiwesstendectesueaseeegsynguears +25 V CUIP, POIF, SO, PUGS .cvsaavarccnwwer's 1050mW 
Vora (OND sic epecaGeneen aeesasgecuenewawaes +25 V Derates above 75°C ............. eee eae 14mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 
2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 


(HP5082-2835) from input pin to the supplies. 
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TIMING DIAGRAM READ CYCLE 
A/B 
a, 


R/W 

DST 

DS2 

BUS (Dn ) 3-state 

Set up time for BUS, A/B, R/W = 40 ns ts 
Minimum DS = low pulse =320ns __ tpsr (min) 
Minimum time between DS = low pulses =120ns_ tne” 
Data delay time =200ns_ tp 


tk = tpsR + tne 


TIMING DIAGRAM WRITE CYCLE 


DATA (Dy ) 
A/B A Select B Select 
R/W 
DST H 
L 
DS2 4H 
tb 
DAC A OUT Last Data Data (A) 
ts + tp 
DAC B OUT Last Data Data (B) 
Set up time for BUS, A/B, R/W =40ns_ ts 
Minimum DS = low pulse =200ns __ tpsw (min) 
Minimum time between DS = low pulses =120ns_ tnw 
Data delay time =110ns_ tp 


tw = tpsw + tnw 


MODE SELECTION TABLE 


L=LOW STATE 
H = HIGH STATE 
X = DON’T CARE 


A/B/C/D 
A/B/C/D 


Perr rT eer See se 
Cer sTcerre rT Teer Ts 
[ eee Co Tr se 
Loon rT CLEP ee 
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INTERFACE LOGIC INFORMATION 


DAC Selection: All DAC latches share a common 8-bit input 
port. The control inputs DS1, DS2, A/B select which DAC can 
accept data from the input port. 

Mode Selection: Inputs DS and R/W control the operating 
mode of the selected DAC. See Mode Selection Table on the 
previous page. 

Write Mode: When DS and R/W are both low the selected 
DAC is in the write mode. The input data latches of the selected 


MP7628 


DAC are transparent and its analog output responds to activity 
on DBO-DB7. 


Hold Mode: The selected DAC latch retains the data which 
was present on DBO-DB7 just prior to DS and R/W assuming a 
high state. Both analog outputs remain at the values corre- 
sponding to the data in their respective latches. 


Read Mode: When DS is low and R/W is high, the selected 
DAC is in the read mode and the data held in the appropriate 
latch is outputed to the data bus. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


TOM 
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FEATURES 


e Full Four-Quadrant Multiplying DAC 

e Guaranteed Monotonic over Temperature 

e Non-Linearity: +1/2 LSB Achieved without Trimming 
e Ultra Stable: 0.2 ppm/°C Max Linearity Tempco 

e 2 ppm/°C Max Gain Error Tempco 

e Low Output Capacitance 

e Low Sensitivity to Amplifier Offset 330 uV/mV 

e Low Glitch Energy 

e Low Feedthrough Error 

e TTL/5 V CMOS Compatible 


GENERAL DESCRIPTION 


The MP7633 is pin and functionally equivalent to industry’s 
standard AD7533, AD7520 and AD7530. The MP7633 is rec- 
ommended when lower output capacitance is required. The 
MP7633 incorporates a unique decoding technique yielding ex- 
cellent accuracy and stability (0.2 ppm/°C linearity drift and 2 


SIMPLIFIED BLOCK DIAGRAM 


2 to 3 Decoder 


(44 f 


MP7633 


15 V CMOS 
10-Bit Multiplying 
Digital-to-Analog Converter 


e Latch-Up Free 
e Improved Replacement for AD7533, AD7520 
e Low Cost 


APPLICATIONS 


e Digitally Controlled Attenuators 
e Programmable Gain Amplifiers 
e Function Generation 

e Linear Automatic Gain Control 


ppm/°C scale factor drift) over temperature and time. 


The 2-3 bit decoding architecture of the MP7633 results in 
low output capacitances of 52/26pF at Ioyt; and 13/45pF at 
lout2; low sensitivity to output amplifier offset of 330 LV per mil- 
livolt offset, eliminating the need for trim pots in many applica- 
tions. 


LSB 
BIT 10 


3 Segment D/A Converter with Termination to GND. 
Logical “1” at Digital Input Steers Current to loyrt; 


TOM’ 
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ORDERING INFORMATION 


ee | __Range | (LSB) (LSB) (% FSR) 
[Plastic Dip | -40t0+85°C [| mpresan | 42 
| Plastic Dip | ~40t0+85°C | mpvesaKn | at 
a 
Penmene [severe | weresse |e 


*Contact factory for non-compliant military processing 


PIN CONFIGURATIONS 
See Packaging Section for lout: Rep 
Package Dimensions lour2.  N/C _ Vrer 
oun Rep Vop 
OUT2 VREF 
GND Vso _ BIT 10 (LSB) 
BIT 1 (MSB) BIT 10 (LSB) Pin Out sie 
BIT 2 BIT 9 at Left 
BIT3 BIT 8 BIT 9 
BIT 4 BIT 7 — 


BIT 5 BIT 6 


BIT 4 N/C BIT 7 
BIT 5 BIT 6 


16 Pin CDIP, PDIP (0.300”) 16 Pin SOIC (Jedec, 0.300”) 20 Pin PLCC 
D16, N16 S16 P20 
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PIN OUT DEFINITIONS 


16 Pin CDIP, PDIP, SOIC 20 Pin PLCC 


Current Output 1 No Connection 


Current Output 2 


Current Output 1 


Ground Current Output 2 


Data Input Bit 1 (MSB) Ground 


Data Input Bit 2 Data Input Bit 1 (MSB) 


Data Input Bit 3 No Connection 
Data Input Bit 4 Data Input Bit 2 


Data Input Bit 5 Data Input Bit 3 


pa 
3 
4 
5 
6 
f 
8 
9 
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Data Input Bit 6 Data Input Bit 4 


axils 
fe) 


Data Input Bit 5 


=k 
oO 


Data Input Bit 7 


No Connection 


— 

—_ 
—_ 
—_ 


Data Input Bit 8 


= 
ine) 


Data Input Bit 6 


= 
NO 


Data Input Bit 9 
Data Input Bit 10 (LSB) 
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Data Input Bit 7 


=e 

Go 
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Data Input Bit 8 


=k 
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Positive Power Supply 


— 
o1 


Data Input Bit 9 


—_ 
oi 


Reference Input Voltage 
No Connection 


Data Input Bit 10 (LSB) 
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(o>) 


Internal Feedback Resistor 
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Positive Power Supply 


— 
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Reference Input Voltage 


Internal Feedback Resistor 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Veer = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 


Differential Non-Linearity 
J,A,S 


Gain Error +0. +0. Using Internal Rep 


Gain Temperature Coefficient? + AGain/ATemperature 


Power Supply Rejection Ratio + + + [AGain/AVpp|, AVpp = +5% 


Output Leakage + lout1 Vin=0V 
lout2 Vin = Vpp 


DYNAMIC PERFORMANCE2 


Current Settling Time Full Scale Change to 1/2 LSB 
AC Feedthrough at lout Vref = 10KHz, 20 Vp-p, sinewave 


REFERENCE INPUT 


Input Resistance 
Voltage Input Range 


DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS 


Output Capacitance? 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 
Scale Factor 


POWER SUPPLY4 


Functional Voltage Range 
Supply Current All digital inputs = 0 V or all = 5 V, 
15V 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


NOTES: 


1 Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 Digital Input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Nie OGLE 9 500 ceh09sebendieeunees t0eae es —0.5,+17V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1, lout2 to GND (2) ........ GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

VEER IO GND osexcdeccostaensnciadeewenerenades +25 V COIP, PDOIF, SOI, PLCC vc cncavenenixeens 800mW 
WERMISTAIN scpttaesdeduseeventede dew esse anres +25 V Derates above 75°C ............. cece eee 1i4mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


PERFORMANCE CHARACTERISTICS 
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Relative Accuracy (LSB) 


Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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FEATURES 


e Four Quadrant Multiplication 

e 16-Bit Monotonicity 

e Lower Data Bus Feedthrough @ CS = 1 
e Low Feedthrough Error 

e Low Power Consumption 

e TTL/5 V CMOS Compatible 

e Double Buffered 

e Decoded DAC Approach 

e Latch-Up Free 


GENERAL DESCRIPTION 


The MP7636A is manufactured using advanced thin film 
resistors on a double metal CMOS process. The MP7636A 
incorporates a unique bit decoding technique yielding lower 
glitch, higher speed and excellent accuracy over temperature 
and time. 16-bit differential non-linearity is achieved with 
minimal laser trim. 


The MP7636A is packaged in a 20-pin 300 mil wide DIP andis 
a direct 16-bit replacement for the 12-bit DAC1230 series. Full 


SIMPLIFIED BLOCK DIAGRAM 


DB15 (MSB) (DB7) 
DB14 (DB6) 
DB13 (DB5) 
DB12 (DB4) 
DB11 (DB3) 
DB10 (DB2) 
DB9 (DB1) 
DBS (DBO, LSB) 


When LE = 1 latch outputs follow inputs 
When LE = 0 Latch outputs are latched 


MP7636A 


15 V CMOS Microprocessor Compatible 


Double-Buffered, Multiplying 16-Bit 


BENEFITS 


e High Accuracy Performance at Low Cost 

e Easy Interface with 8-Bit Microprocessors 

e Simple Upgrade of MP1230A Family to High 
Accuracy (Pin Compatible) 

e Reduced Board Space 

e 16-Bit Bus Version: MP7626 


pin-for-pin compatibility allows existing systems to be upgraded 
to 16 bits without hardware modification. 


The MP7636A provides 16-bit data loading through 8 input 
data lines for direct interface to 8-bit data buses. All data loading 
and data transfer operations are identical to the WRITE cycle of 
a static RAM. 


The MP7636A uses a unique circuit which significantly 
reduces transients in the supplies during DATA bus transitions 
at CS = 1. 


16-Bit 
Register 


DGND AGND 


Vpp VREF 
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Digital-to-Analog Converter 
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ORDERING INFORMATION 


Gain Error 
(% FSR) 


Package | Temperature INL DNL 
Type Range (LSB) (LSB) 


SOIC —40 to +85°C MP7636AJS 
SOIC —40 to +85°C MP7636AKS 


*Contact factory for non-compliant military processing 


PIN CONFIGURATION See Packaging Section for Package Dimensions 


cs 1 Vpp 
WR1 2 BYTE1/BYTE2 
AGND 3 WR2 
DB11 (DB3) 4 XFER 
DB10 (DB2) 5 DB12 (DB4) 
DB9 (DB1) 6 DB13 (DB5) 
DB8 (DBO, LSB) 7 DB14 (DB6) 
VREF 8 DB15 (MSB) (DB7) 
Rep 9 lout2 
DGND 10 loutt 


20 Pin SOIC (Jedec, 0. 300”) 
$20 


PIN OUT DEFINITIONS 


[PINNO.| NAME ___| DESCRIPTION 


Chip Select (Active Low) lout2 
Write1 (Active Low) DB15 (MSB) 
Analog Ground (DB7) 


Data Input Bit 11 (MSB) 
Data Input Bit 3 


Data Input Bit 10 
Data Input Bit 2 


Data Input Bit 9 
Data Input Bit 1 


Data Input Bit 8 
Data Input Bit 0 (LSB) 


__NaME ___| DESCRIPTION 


Current Output 2 


Data Input Bit 15 
(Most Significant Bit) 
Data Input Bit 7 


DB14 Data Input Bit 14 
(DB6) Data Input Bit 6 


DB13 Data Input Bit 13 
(DB5) Data Input Bit 5 


DB12 Data Input Bit 12 
(DB4) Data Input Bit 4 


XFER Transfer Control Signal 
(Active Low) 


Write 2 (Active Low) 
Byte Sequence Control 


Reference Input Voltage WARD 


Internal Feedback 


Resistor BYTE1/ 


Digital Ground i 


Current Output 1 Vpp Power Supply 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vref = +10 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
J,S 
K, &,.T 


Differential Non-Linearity 
J,S 
K, T 
L 


Gain Error 


Gain Temperature Coefficient@ 


Power Supply Rejection Ratio 


Output Leakage Current 
DYNAMIC PERFORMANCE2 
Current Settling Time 


AC Feedthrough at lout 


REFERENCE INPUT 
Input Resistance 
LOGIC INPUTS? 


Input High Voltage 
Input Low Voltage 
Input Current 
Input Capacitance 
Data 
Control 


ANALOG OUTPUTS? 


Output Capacitance 
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FSR = Full Scale Range 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


All grades guaranteed 
monotonic over full 
operating temperature 
range. 


Using Internal Reg 
AGain/ATemperature 


|[AGain/AVpp| 
AVpp = + 5% 


lout1 only 


To 1/2 LSB 

R, =100Q, Cext=13pF 
VreF = 20 V p-p 

Sine wave @ 10kHz 


DAC all 1’s 
DAC all 0’s 
DAC all 1’s 
DAC all 0’s 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


nt Tmin to Tmax 
| Parana | Syma) | |__| Max Test |... Set eonditions Comments | 


POWER TPOWERSUPPLYS CS 
Vop 16. ; 16. : V 
lop mA 


Functional Voltage Range? 


Supply Current All digital inputs 0 V or Vpp 


SWITCHING 
CHARACTERISTICS?: 4 


CS to WR Set-Up Time 
CS to WR Hold Time 
Data Valid to WR Set-Up Time 
Data Valid to WR Hold Time 
WR, XFER Pulse Width 


NOTES: 


(1) Full Scale Range (FSR) is 10V for unipolar mode. 

(2) Guaranteed but not production tested. 

(3) Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
(4) See timing diagram. 

(5) Specified values guarantee functionality. Refer to other parameters for accuracy. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: 3 


Voltage at Any Digital Input ..... GND -0.5 to Vpp +0.5 V AIAND 10 OGND . cscvteweceewsunewans bene desu news +1V 
(Functionality Guaranteed +0.5 V) 
VONAGE at Vase INBUl cx ccctsnniaccdceevasnncaees +25 V Storage Temperature Range ............ 65°C to 150°C 
DC Voltage Applied to | or | GND -0.5 V to +17 V Package Power Dissipation Rating to 75°C 
ere eines ete BOIO .cvesevscsusteevieesvnanesrencenuntdnunr 900mW 
SUP VONAGE (Von) ss ists ccseas cee se een sews +17 Voc Derates Gb0VE 7E°C: i usccc cx seeveeeaveanw uss 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 GND refers to AGND and DGND. 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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TIMING DIAGRAM 


ViH 
CS, BYTE1/BYTE2 50% 
ViL 
ViH 
WR 
VIL 
ViH 
DATA BITS 
Vit 
lout1, !ouT2 


tcs 


50% 


gf 
3 


MP7636A 


meee Tess 


CH 
50% 
tw 
50% 
tbH 


ts 


SETTLED TO 
+0.01% 


DEFINITION OF CONTROL SIGNALS: 


CS: Chip Select (Active low). 
It will enable WRT. 

WR: Write 1 (Active low) 
The WR is used to load the digital data bits (DB) into 
the input latch. 

BYTE1/BYTE2: Byte sequence control. 
The BYTE1/BYTE2 control pin is used to select MSB 
and LSB both input latches. 

WR2: Write 2 (Active low). 
It will enable XFER. 

XFER: Transfer control signal (Active low). 


This signal, in combination with WR2, causes the 
16-bit data which is available in the input latches to 
transfer to the DAC register. 


DBO to DB15: Digital Inputs. 


louTt: 


y Rev20 6 Ff ff 4 ff f 


DBO is the least significant digital input (LSB) and 
DB15 is the most significant digital input (MSB). 


DAC Current Output 1 Bus. 
lout1 is a maximum for a digital code of all 1’s in the 
DAC register, and is zero for all O’s in the DAC register. 


louT2: 


Rep: 


VREF: 


Vpp: 


AGND: 


DGND: 


DAC Current Output 2 Bus. 
louT2 is a complement of Ioyt1. The ladder termina- 
tion has been tied to Ioyroa internally. 


Feedback Resistor. 

This internal feedback resistor should always be used 
(not an external resistor) since it matches the resistors 
inthe DAC and tracks these resistor over temperature. 


Reference Voltage Input. 

This input connects an external precision voltage 
source to the internal DAC. The Vp_er can be selected 
over the range of +25V to —25V or the analog signal for 
a 4-quadrant multiplying mode application. 


Power Supply Voltage. 

This is the power supply pin for the part. The Vpp can 
be from +5 V DC to +15 V DC, however optimum volt- 
age is +15 V DC. 


Analog Ground. 
Back gate of the DAC N-channel current steering 
switches. 


Digital Ground . 


The timing diagrams for updating the DAC register are shown 
in Figures 1 and 2. 
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XFER 
aa 
WR2 Analog Output Analog Output 


Updated Latched 
Load 8-bit (MSB) Overwrite 8-bit Transfer 16-bit 
Input eee (LSB) word to the DAC Register 
8-bit (LSB) Input Input Latch (Analog Output Updated) 
Latch also changed and Latched 


Figure 1. Typical Interface with an 8-bit Data Bus 


BYTE1/BYTE2 ce 
Sa 


XFER 
WR 
+ 
WR2 Analog Output Analog Output 
Updated Latched 
Load 8-bit (MSB) Overwrite the 8-bit (LSB) 
Input Latch Input Latch and Transfer 
8-bit (LSB) Input all 16 bits word to the 
Latch also changed DAC Register 


Figure 2. Automatic Transfer 
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PERFORMANCE CHARACTERISTICS 


LSB 


Graph 1. Relative Accuracy vs. Digital Code 
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FEATURES 


e 8 Independent 2-Quadrant Multiplying 8-Bit DACs 
e Dual Positive (+10 V and +5 V) Supplies or 
Dual (+5 V) Supplies Capability 
e High Speed: 
- 12.5 MHz Digital Clock Rate 
— VreFto Vout Settling Time: 150ns to 8—bit 
(typ) 
— Voltage Reference Input Bandwidth: 
10 MHz 
e Low Power: 150mW 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 
e DNL = +0.8 LSB, INL = +1 LSB (typ) 


GENERAL DESCRIPTION 


The MP7641 is ideal for direct gain control of video, compos- 
ite video, CCD and other high frequency analog signals. The de- 
vice includes 8-channels of high speed, high bandwidth, two 
quadrant multiplying, 8-bit accurate digital-to-analog converter. 
ltincludes an output drive buffer per channel capable of driving a 
+1mA (typ) to aload. DNL of better than +0.8 LSB is achieved 
with a channel-to-channel matching of better than 0.5% (typ). 
Stability, matching, and precision of the DACs are achieved by 
using EXAR’s thin film technology. Also, excellent channel-to- 
channel isolation is achieved with EXAR’s BiCMOS process 
which cannot be achieved using a typical CMOS technology. 


An open loop architecture (patent pending) provides wide 
small signal bandwidth from Vp_r to output up to 10 MHz (typ), 


y Rv 20 fF Ff Ff Ff Ff 


MP7641 


8-Channel Voltage Output 
10 MHz Input Bandwidth 8-Bit 
Multiplying DACs with 

Serial Digital Port 


GRRE 


e DACs Matched to +0.5% (typ) 

e Chip Select Available: MP7651 

e Low Harmonic Distortion: 0.25% typical with 
Vrer = 1 Vp-p @ 1 MHz 

e Vref/2 Output Preset Level 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 


APPLICATIONS 


e Direct High-Frequency Automatic Gain Control 

e Video AGC & CCD Level AGC 

e Convergence Adjustment for High-Resolution 
Monitors (Workstations) 


fast output settling time, and Vpaer feedthrough isolation of 
—65dB or better. In addition, low distortion in the order of 0.25% 
with a 1 V p-p, 1 MHz signal is achieved. 


The combination of a constant input Z and the ability to vary 
AGND within +300 mV allows flexibility for optimum system de- 
sign. 

The MP7641 has a serial data 3-wire standard U-processor 
logic interface to reduce pin count, package size, and board wire 
(space). 

The MP7641 is fabricated on a junction isolated, high speed 
BiCMOS (BiCMOS IV™) process with thin film resistors. This 
process enables precision high speed analog/digital (mixed- 
mode) circuits to be fabricated on the same chip. 


TOM 


1 


MP7641 


SIMPLIFIED BLOCK DIAGRAM© 
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DBO to DB7 4-Bit Address > 
12-Bit Shift Register 
3-State 


Buffer 


VEE DGND AGND 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 
8 


SOIC | 4010 +85°C | MP7641AS 
Plastic Dip_| —40to+85°C_| _MP7641AN 
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PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


1 
2 
3 
4 
5 
6 
7 
8 
9 


28 Pin PDIP (0.300”) 28 Pin SOIC (ElAJ, 0.335”) 
NN28 R28 


PIN OUT DEFINITIONS 


_PINNO. | NAME _ DESCRIPTION _PINNO.| NAME _| DESCRIPTION 


DAC 1 Output DAC 6 Reference Input 
DAC 2 Output DAC 7 Reference Input 
DAC 2 Reference Input DAC 7 Output 

DAC 3 Reference Input Analog Ground 

DAC 3 Output Serial Data/Address Input 
Digital Positive Supply Serial Data Output 
Analog Positive Supply Shift Register Clock 


Analog Negative Supply LD ae allel oo Data 
o Selecte s 


Digital Ground oo Reset all DACs to 


DAC 4 Output Analog Ground 
DAC 4 Reference Input DAC 0 Output 
DAC 5 Reference Input DAC 0 Reference Input 


DAC 5 Output DAC 1 Reference Input 
DAC 6 Output 


ON OA fF WO YP — 


ice) 


Analog Ground 


10 
11 

T2 
13 
14 
15 


TOM 


MP7641 
EERIE ES AIT ESS BF 


ELECTRICAL CHARACTERISTICS TABLE FOR DUAL SUPPLIES 
Unless Otherwise Noted: Vpp = 5 V, Vec = +5 V, Veg = —5 V, Vrer = 3 V and -3 V, T = 25°C, 
Output Load = Open, AGND=DGND=0 V 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 

Gain Error 

Zero Scale Offset 
Output Drive Capability 


REFERENCE INPUTS 


Impedance of Vraer 6 12 18 
Voltage Range Vee +1.5 Vec —-1.8 


DYNAMIC 
CHARACTERISTICS2 


Input to Output Bandwidth 
Input to Output Settling Time® 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Voltage Settling from Vre_r to 
Vpac Out 
Voltage Settling from Digital 
Code to Vpac Out 
Vrer Feedthrough 
Group Delay 
Harmonic Distortion 
Channel-to-Channel Crosstalk 
Digital Feedthrough 
Power Supply 
Rejection Ratio 


POWER CONSUMPTION 


Positive Supply Current 
Negative Supply Current 
Power Dissipation 


DIGITAL INPUT 
CHACTERISTICS 


Logic High® 

Logic Low? 

Input Current 

Input Capacitance? 


+1 

Guaranteed 
+1.5 
+75 
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FSR = Full Scale Range! 


Max Swing is AGND +3 V 


R_ =5k, C, = 20pF 


Vr = 1.6 Vp-p, RL = 5kQ to Veg 
VR=1.6 Vp-p, Ry =5kQ to Veg 
VouT=50mV p-p above code 16 


VouT=50mV p-p for all codes 


Vr=0 to VR = 3V Step® 
to 1 LSB 
ZS to FS to 1 LSB 


Codes=0 @ 1 MHz 


VReF=1MHz Sine 3V p-p 
@ 1 MHz, single channel 
CLK to Vout 

AV=+5% 


VREF=0V 
VrReF=0V 
Vrer = 0 V, Codes = all 1 
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ELECTRICAL CHARACTERISTICS TABLE 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max 


DIGITAL TIMING 
SPECIFICATIONS2: 4 


Input Clock Pulse Width tou, te 

Data Setup Time 

Data Hold Time 

CLK to SDO Propagation Delay 

DAC Register Load Pulse Width 

Reset Pulse Width trast 

Clock Edge to Load Rising Edge tcKLD1 

Clock Edge to Load Falling Edge tcKLD2 

Load Falling Edge to SDO tuz1 
3-state Enable 

Load Rising Edge to SDO tyz2 
3-state Disable 

Load Falling Edge to CLK Disable tLock1 

Load Rising Edge to CLK Enable tLock2 

LD Set-up Time with Respect tLpsu 
to CLK 


NOTES 
1 Full Scale Range (FSR) is 3V. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See Figures 2 and 3. 

For reference input pulse: ta = tr > 100 ns. 
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Specifications are subject to change without notice 
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ELECTRICAL CHARACTERISTICS TABLE FOR DUAL POSITIVE SUPPLIES 
Unless Otherwise Noted: Vpp = 5 V, Vcc = 10 V, Veg = 0 V, Vrer = 3 V and -3 V, T = 25°C, 
Output Load = Open, AGND = (Vcc + Veg)/2 = 5 V, DGND=0V 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 

Gain Error 

Zero Scale Offset 
Output Drive Capability 


REFERENCE INPUTS 


Impedance of Veer 
Voltage Range 


DYNAMIC 
CHARACTERISTICS2 


Input to Output Bandwidth 
Input to Output Settling Time® 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Voltage Settling from Vper to 
Vpac Out 
Voltage Settling from Digital 
Code to Vpac Out 
Vref Feedthrough 
Group Delay 
Harmonic Distortion 
Channel-to-Channel Crosstalk 
Digital Feedthrough 
Power Supply 
Rejection Ratio 


POWER CONSUMPTION 


Positive Supply Current 
Negative Supply Current 
Power Dissipation 


DIGITAL INPUT 
CHACTERISTICS 


Logic High® 

Logic Low? 

Input Current 

Input Capacitance? 


FRev200 ff fF ff fF ff 
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FSR = Full Scale Range’ 


Max Swing is AGND +3 V 


R, = 5k, C, = 20 pF 


VrR=1.6 Vp-p, RL = 5kQ to Veg 
VR=1.6 Vp-p, Ry =5kQ to Ver 
VouT=50mV p-p above code 16 


VouT=50mV p-p for all codes 


Vp=0 to V_ = 3V Step& 
to 1 LSB 
ZS to FS to 1 LSB 


Codes=0 @ 1 MHz 


Vrer=1 MHz Sine 3V p-p 
@ 1 MHz, single channel 
CLK to Vout 

AV=+45% 


Vrer =0V 
VrReF=0V 
Vre_er = 0 V, Codes = all 1 
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ELECTRICAL CHARACTERISTICS TABLE 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max Conditions 


SR PES EISELE ET ESERIES) 
DIGITAL TIMING 


SPECIFICATIONS2: 4 


Input Clock Pulse Width 
Data Setup Time 
Data Hold Time 
CLK to SDO Propagation Delay 
DAC Register Load Pulse Width 
Reset Pulse Width 
Clock Edge to Load Rising Edge 
Clock Edge to Load Falling Edge 
Load Falling Edge to SDO 
3-state Enable 
Load Rising Edge to SDO 
3-state Disable 
Load Falling Edge to CLK Disable 
Load Rising Edge to CLK Enable 
LD Set-up Time with Respect 
to CLK 


tcH: te 


tast 
tcKLD1 
tckLD2 
tHz1 


tyz2 


tLpcK1 
tLock2 
tLpsu 


NOTES 


Full Scale Range (FSR) is 3V. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See Figures 2 and 3. 

For reference input pulse: ta = te > 100 ns. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!:2 


VOR TO RONG « ncccnanaeeeedsaua swans eae eanece +6.5 V Operating Temperature Range 

VeEtoAGND 2.0.0.0... cece ec ceeeeeeeeeeeeees -65V Extended Industrial $i Gauted'e wean es nore bee we to sheen 
Voc to DGND ....... ccc cece ceceeeeeeeeeeeees +13.0 V ee nee haa Bhim -65"C to besa 
Ver DGND cscvvedeeesdncavisecdskadeev tesa -6.5V Lead Temperature (Soldering, 10 sec) .........-. +300°C 
VRi 1G) ARSING) aces wedduaekeenecndeereceweewns Voc to VEE Package Power Dissipation Rating @ 75°C 

Voi to AGND ..... 2... eee ee ee ee eee eee Vcc to Vee POIR, SONG cscuvevcanuevavsnvsscasanends 1000mW 
Digital Input & Output Voltage to DGND —0.5 to Vpp +0.5 V Derates above 75°C ................0.005- 6mW/°C 
NOTES: 

1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 
2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al// inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100us. 


APPLICATIONS INFORMATION 
Refer to Section 8 for Applications Information 
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Daten) 9 LX ASX AEX ALX AD XD? KDE XDA XS X_2 X07 D0) 
SV ANNAN INNA NINN NS” 
CLK 0 
He 0 ee 


DAC Register 
Loaded 


a 8 ee ———————————————e eee \ 


Figure 1. Serial Data Timing and Loading 
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LD : y 
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_ tLp => 
Vout 
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+ 1/2 LSB BAND 


Figure 2. Detail Serial Data Input Timing (RST = “1”) 
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Figure 3. RESET Operation 
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THEORY OF OPERATION 


The MP7641 is equipped with a serial data 3-wire standard 
-processor logic interface to reduce pin count, package size, 
and board wire (space). This interface consists of LD which con- 
trols the transfer of data to the selected DAC channel, SDI (serial 
data/address input), CLK (shift register clock) and SDO (serial 
data output). When the LD signal is high, CLK signal loads the 
digital input bits (SDI) into the 12-bit shift register (4 bits address 
A3 to AO, then 8 bits data D7 to DO). The LD signal going low 
loads this data into the selected DAC. The LD signal going low 


Stop Shifting 
Data In and 
Out 


Load DACs 


Looe fn nl ee Toc [er] oo [oe 
Shift Data In 0-1 Data Input Data Output 
and Out Repeat Valid Valid 


0 0 O 0 No Operation 

DAC 0 0 O oO 1 1-0 
DAC 1 0 oO 1 0 1-0 
DAC 2 Oo oO 1 1 1-0 
DAC 3 0 1 O O 1-90 
DAC 4 0 1 O 1 1-30 
DAC 5 0 1 1 0 10 
DAC 6 0 1 1 1 10 
DAC 7 1 0 O 0 1-0 

' ' ' ' ' | No Operation 

’ ‘ ' ' ‘ ' 

‘ 1 i] ' i] ‘ 

‘ ' ‘ ' ' 

1 9 |No Operation 

' 1 1 No Operation 


also disables the serial data input (SDI), output (SDO 3-stated) 
and the CLK input. This design tremendously reduces digital 
noise, and glitch transients into the DACs due to free running 
CLK and SDI. Also, 3-stating the SDO output with LD signal 
would allow read back of pre-stored digital data of the selected 
package using one SDO wire for all DAC ICs on the board. Note 
also that the reset signal (RST) resets all analog outputs to 1/2 of 
Vrep regardless of any digital inputs. Note that the input Vp; is 
referenced to AGND. 


mK OK mK OK KOK OK OK OK OK OK OK OX 
MK KKK KK KK 


Table 1. Digital Function Truth Table 
Serial In/Serial Out 


Sn Nd 
See EN de 


a 


(Var -AGND) (Big) +AGND ~ AGND) + AGND 


356) 


Table 2. DAC Transfer Function 
Analog Output vs. Digital Code 
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OPERATION WITH DUAL POSITIVE POWER SUPPLIES 


For the dual positive supplies operation, Vcc = +10 V, Vpp =5 V, Vee =0 Vand analog output zero level is to be referenced to (Vcc + 
Veg) /2 by setting the AGND pin to 5 V. 


MICROPROCESSOR INTERFACE 


ee i 
_ CS DECODER - 


on 


1/4 7HC125 


ADDRESS BUS 


MC68000 


CLK LD 
MP7641 
RST 


UPA 


UDS 


FROM SYSTEM RESET 


DBO to DB15 


DATA BUS 


Figure 4. MC68000 Interface (Simplified Diagram) 


ADDRESS BUS 


AO to A15 


0 to A2 


MEGEO 74LS138 


ADDRESS 
DECODER 


ei A 
E3 
DATA BUS 


RST 


FROM SYSTEM RESET 


NOTES: 

1. Execute consecutive memory write instructions while manipulating the data between WRITEs so that 
each WRITE presents the next bit 

2. Theserial data loading is triggered by the CLK pulse which is asserted by a decoded memory WRITE 
location 2000, R/W, and 02. AWRITE to address 4000 transfers data from the input shift register to the 
DAC register. 


Figure 5. MC6800 Interface (Simplified Diagram) 
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ADDRESS BUS 


AO to A2 


74LS138 


ADDRESS 
DECODER 


WR qd £2 


CLK 


MP7641 


FROM SYSTEM RESET 


Figure 6. 8085 Interface (Simplified Diagram) 


NOTES: 

1. Clock generated by WR and decoding address 8000 

2. Data is clocked into the DAC shift register by executing memory write instructions. the clock input is 
generated by decoding address 8000 and WR. Data is then loaded into the DAC register with a memory 
write instruction to address 4000. 

3. Serial data must be present in the right justified format in registers H & L of the microprocessor. 
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IC (1) IC (2) 
uPC MP7641 MP7641 


a ca IC (n) 
MP7641 


SDI LD ,SDO SDI LD , SDO 


: SpI LD , SDO 
- sone | henna E 

| a he 

CLK 


Figure 7. Simplified Diagram 
Configuration A 
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IC (n) 
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MP7641 


uPC 
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Figure 8. Simplified Diagram 
Configuration B 
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(fff 


VRI1 VOI1 VRI2 VOl2 VRim VOlm 


SDO 
ADDRESS 


IC (2) 
MP7641 


IC (m) 
MP7641 


UPC 


WR 


(SDI) DATA IN 
CLK 


Figure 9. Simplified Diagram 
Configuration C 


MP7641 EVALUATION BOARD 


——— a 
' Measurement | 
Buffer 


Test Load 


| 5k 
26 20 pF 
= | 
, 
ee Le 


5 


All resistors = 50 Q unless otherwise specified 
Gain of all DACs set to 1 (no attenuation) 
NOTE: See Graphs 1 through 8 


Figure 10. Single Channel Crosstalk 


y Rev20 fF fF fF fF fF f TOM 


MP7641 


1.6 Vp-p 


HAA HOR H OH HOH} HOH THO HHH) 


_ 


Test Load 


20pF 2 5k 
Vout 
Vv All resistors = 50 Q unless otherwise specified. 


Gain of all DACs set to 1 (no attenuation). 
NOTE: See Graph 20B. 


Figure 11. All Hostile Crosstalk 


| Test Load Ra | 


20pF 2 5k 
Vout 
A All resistors = 50 Q unless otherwise specified. 


Gain of all DACs set to 1 (no attenuation) except monitored DAC 
set to 0 (full attenuation). 
NOTE: See Graph 20A. 


Figure 12. All Hostile Crosstalk & innit 


TOM 


MP7641 


siti 


Test Load 


All resistors = 50 Q unless otherwise specified. 
Gain of all DACs set to 1 (no attenuation). 
NOTE: See Figure 12. 


Figure 13. PSRR 


Test Load 


All resistors = 50 Q unless otherwise specified. 
NOTE: See Graph 16. 


Figure 14. Frequency Response / THD Response 
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PERFORMANCE CHARACTERISTICS 
Channel-to-Channel Crosstalk (Gain vs. Frequency; All DACs set to full scale; Vagr=1.6 Vp-p) 
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Graph 9. Linearity Error vs. 
Digital Input Code 
DACs 0 to 3 
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Graph 11. Reset Voltage vs. Temperature 
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Graph 13. Gain & Phase vs. Frequency 
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Graph 10. Linearity Error 
vs. Digital Input Code 
DACs 4to7 
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Graph 12. PSRR vs. Frequency 
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Graph 14. Feedthrough vs. Frequency 
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Graph 15. Gain (Vo/VpR) vs. Frequency Graph 16. THD vs. Frequency 
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* A 2K or 5K resistor across output and Veg will remove peaking (see — 26). 
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Graph 21. Digital Settling 


VR 
(2 V/DIV) 


Fre SS. 
Ous/DIV 
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Feedthrough 
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Graph 22. Pulse Response 
(tr = tr = 100 ns for Vp) 


211s/DIV 


Graph 24. Clock and SDI 
Feedthrough 
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Graph 26. Typical Gain and Group 
Delay vs. Frequency (with 5K resistor 
across output to Ver) 
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FEATURES 


e Programmable Gain 
e 4 Independent 2-Quadrant Multiplying 8-Bit DACs 
with Output Amplifiers 
e Dual Positive (+10 V and +5 V) Supplies or 
Dual (+5 V) Supplies Capability 
e High Speed: 
- 12.5 MHz Digital Clock Rate 
—- VreEFto Vout Settling Time: 150ns to 8-bit 
(typ) 
-— Voltage Reference Input Bandwidth: 
15 MHz 
e Very Low Noise Gain Control 
e Low Power: 80mW 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 


GENERAL DESCRIPTION 


The MP7643 is ideal for digital gain control of high frequency 
analog signals such as video, composite video and CCD. The 
device includes 4-channels of high speed, wide bandwidth, two 
quadrant multiplying, 8-bit accurate digital-to-analog converter. 
lt includes an output drive buffer per channel capable of driving a 
+1mA (typ) load. DNL of better than +0.5 LSB is achieved witha 
channel-to-channel matching of typically 0.5%. Stability, match- 
ing, and precision of the DACs are achieved by using MPS’ thin 
film technology. Excellent channel-to-channel isolation is also 
achieved with MPS’ BiCMOS process which cannot be 
achieved using a typical CMOS technology. 


An open loop architecture (patent pending) provides wide 
small signal bandwidth from Vp_r to output up to 15 MHz (typ), 


ORDERING INFORMATION 


44 fj 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 


MP7643 


4-Channel, Programmable Gain 
Voltage Output, 15 MHz Input Bandwidth 
8-Bit DACs with Multiplying 


e DNL = +0.5 LSB, INL = +1 LSB (typ) 

e DACs Matched to +0.5% (typ) 

e Low Harmonic Distortion: 0.25% typical with 
Vrer = 1 Vp-p @ 1 MHz 

Latch-Up Free 

ESD Protection: 2000 V Minimum 


APPLICATIONS 


e Direct High-Frequency Automatic Gain Control 

e Video AGC & CCD Level AGC 

e Convergence Adjustment for High-Resolution 
Monitors (Workstations) 

e Multiplier Replacement 


fast output settling time of 150 ns, and excellent Varr 
feedthrough isolation. The negative feedback terminal of the 
output op amp is available for user gain control. In addition, low 
distortion in the order of 0.25% with a 1 V p-p, 1 MHz signal is 
achieved. 


The combination of a constant input Z and the ability to vary 
Vereen within Voc -1.8 V to Veg +1.5 V allows flexibility for opti- 
mum system design. 


The MP7643 is fabricated on a junction isolated, high speed 
BiCMOS (BiCMOS IV™) process with thin film resistors. This 
process enables precision high speed analog/digital (mixed- 
mode) circuits to be fabricated on the same chip. 
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SIMPLIFIED BLOCK DIAGRAM 


LATCH1 
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INV2 
VREF3 


VouT3 


INV3 
VREF4 


VouT4 


INV4 


VREFN 


TOM 


MP7643 


PIN CONFIGURATIONS 


See Packaging Section for 


Package Dimensions 


DB5 DB4 1@ DB4 
DB6 DB3 2 DB3 
Vpp LD 3 LD 
Voc DB2 4 DB2 
VEE DB1 5 DB1 
DB7 DBO 6 DBO 
VREEN Al 7 Al 
DGND AO 8 AO 
INV1 INV4 9 INV4 
VouT1 VouT4 Vout4 
VREF1 VREF4 VREF4 
VREF2 VREF3 VREF3 
Vout2 VouTs VouT3 
INV2 INV3 INV3 


28 Pin PDIP (0.300”) 


PIN OUT DEFINITIONS 


_PINNO.| NAME _ DESCRIPTION 


Oo ON Oa FW DY — 


ee oe © 
- WO YP + OC 


NN28 


Data Input Bit 5 

Data Input Bit 6 

Digital Positive Supply 

Analog Positive Supply 

Analog Negative Supply 

Data Input Bit 7 

Negative Reference Input 
Digital Ground 

Inverting Input 1 

DAC 1 Output 

DAC 1 Positive Reference Input 
DAC 2 Positive Reference Input 
DAC 2 Output 

Inverting Input 2 
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28 Pin SOIC (Jedec, 0.300”) 


_PINNO.| NAME _| DESCRIPTION 


Inverting Input 3 

DAC 3 Output 

DAC 3 Positive Reference Input 
DAC 4 Positive Reference Input 
DAC 4 Output 

Inverting Input 4 

DAC Address Bit 0 

DAC Address Bit 1 

Data Input Bit 0 

Data Input Bit 1 

Data Input Bit 2 

Load Data to Selected DAC 
Data Input Bit 3 

Data Input Bit 4 


TOM 


MIP7643 


ELECTRICAL CHARACTERISTICS TABLE FOR DUAL SUPPLIES 


Unless Otherwise Noted: Vpp = 5 V, Vec = +5 V, Veg = —5 V, Vrer = 3 V and -3 V, T = 25°C, 
Output Load = No Resistive Load, Vaery = DGND = 0 V, Gain = 1 


Max — Test Conditions/Comments 


ORO 


DC CHARACTERISTICS 


Resolution (All Grades) 

Differential Non-Linearity 

Integral Non-Linearity +1 

Monotonicity Guaranteed 

Gain Error +1. FSR = Full Scale Range! 
Zero Scale Offset 

Output Drive Capability 


REFERENCE/INV INPUTS 


Impedance of Vrer 
Voltage Range 
INV DC Voltage Range 


Vrer Max Swing iS Vaern +3 V 


DYNAMIC 


CHARACTERISTICS2 R. =5k, C, =20pF 


Input to Output Bandwidth 
Input to Output Settling Time® 
Small Signal Voltage Reference 


Vr =1.6V p—p, R, = 5kto Vege 
VR=1.6 Vp-p, Ry =5kto Veg 
VouT=50mV p-p above code 16 


Input to Output Bandwidth 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Voltage Settling from Vref to Vp=0 to Va = 3V Step® 
Vpac Out to 1 LSB 
Voltage Settling from Digital ZS to FS to 1 LSB 
Code to Vpac Out 
Vref Feedthrough 
Group Delay 
Harmonic Distortion 


VouTt=50mV p-p for all codes 


Codes=0 @ 1 MHz 


Vrerf=1 MHz Sine 3V p-p 
Channel-to-Channel Crosstalk @ 1 MHz, single channel 
Digital Feedthrough CLK to Vout 
Power Supply AV=+5% 

Rejection Ratio 


POWER CONSUMPTION 


Positive Supply Current Vref =OV 
Negative Supply Current VraeF=O0V 
Power Dissipation Vref = 0 V, Codes = all 1 


DIGITAL INPUT 
CHACTERISTICS 


Logic High? 

Logic Low? 

Input Current 

Input Capacitance? 
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ELECTRICAL CHARACTERISTICS TABLE 


DIGITAL TIMING 
SPECIFICATIONS (2, 4) 


Address to LD Setup 
Address to LD Hold 
Data to LD Setup 
Data to LD Hold 

LD Pulse Width 
PRESET Pulse Width 


NOTES 

L Full Scale Range (FSR) is 3V. 

2 Guaranteed but not production tested. 

3 

4 See Figure 1. 

5 For reference input pulse: ta = te > 100 ns. 


25°C 
Description Symbol Min Typ Max 


MP7643 


fo "=e 


Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Voce 10 VREEN cccbectitnceceneanevaccnwniwewase +6.5 V 
Veg to VREEN TETTECOT VOCE Cee ee -6.5V 
Voo 0 DGNL) «cc ccneereevdaacne ke eeanennotenas +13.0 V 
Vee tO DGND 5c cnxcn er siete eee eek ehennsnesaaes —6.5 V 
Veer 1-4 to DGND, VageN «=. ence c eee nenens Voc to Ver 
Vout 1-4 to DGND, VREFN« «+. 0-222 eee eee Voc to Veg 


Digital Input & Output Voltage to DGND —0.5 to Vpp +0.5 V 
NOTES: 


Operating Temperature Range 


Extended Industrial ................... —40°C to +85°C 
Maximum Junction Temperature ......... —65°C to 150°C 
Slorage TEMPS .sccivevswinevnweadwennaee 150°C 
Lead Temperature (Soldering, 10 sec) ........... +300°C 
Package Power Dissipation Rating @ 75°C 

POF, SOIC, PEGG wer iose ka rieteownbeoee ss 1050mW 
Derates above 75°C ............. 20. e eee 14mW/°C 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100us. 


Vining ff 
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tas taH 
tos tbH 
DBO to DB7 a 
LD tLb 
Si +1/2 LSB 


Vout * 
, 


+1/2 LSB 


Figure 1. Timing Diagram 


To DAC1 Latch Enable 


a 


DAC1 Transparent 
DAC1 Latched 


DAC2 Transparent 
DAC2 Latched 


DAC3 Transparent 
DAC3 Latched 


DAC4 Transparent 
DAC4 Latched 


No Operation 


To DAC2 Latch Enable 


AO, A1 Decoder 


To DAC3 Latch Enable 


To DAC4 Latch Enable 


Sr ores [s 


Figure 2. Input Control Logic (Simplified) Table 1. Truth Table 
Block Diagram 


DAC Output Voltage 
Voi = Vrern + (Vpi- AGND) (2 ) 


pot of io} of of of o | + | anvaem (aim )+ Veen 
56 ) 


CT a en 
TTT Ten 


Note: These outputs must be ratioed up for gain in the output amplifier. 


Table 2. DAC Transfer Function 
Analog Output vs. Digital Code Souci VREF ' Shorted to INV) 


F Revi fF fF Ff Ff ff / 
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THEORY OF OPERATION 


The MP7643 is a 4-channel multiplying D/A converter that in- 
corporates a novel open loop architecture invented by MPS. 
The design produces the wider bandwidth, faster settling time, 
more constant group delay, and a lower noise operation 
compared to the conventional! R-2R based architectures. This 
device is particularly useful in applications where analog multi- 
pliers are used to perform the gain adjustment function for high 
frequency analog signal conditioning. Analog multipliers pro- 
duce higher noise and offset. This design allows for digital con- 
trol of gain with constant and very low noise from the low gain 
through high gain ranges of operation. 


Linearity Characteristics 


Each DAC achieves DNL < +0.5 LSB (typ), INL < +1 LSB 
(typ), and gain error << +1.5%. Since all 4 channel D/A convert- 
ers are fabricated on the same IC, the linearity matching and 
gain matching of +0.5% (typ) is achieved. 


AC and Transient Settling Characteristics 


The novel subranging architecture delivers a 15 MHz (typ.) 
—3 dB bandwidth. With all codes = 1 anda 1.6 V step impulse at 
Vrer(1-4), the analog output settles to 8 bits of accuracy in typi- 
cally 150 ns (with Ry = 5k to Veg). Also with Vaer = 3 V or—-3 V 
anda FS to ZS or ZS to FS code change, the respective analog 
output settles to 8 bits typically in 300 ns. Note that the AC per- 
formance specifications also match between all 4 channels. 
The above AC and transient performance is achieved with each 
channel consuming only 20 mW (typ.) with either +5 V or 0 V to 
10 V supplies. 


Digital Interface 


The MP7643 allows direct interface to most microprocessor 
buses without additional I/O circuitry. Figure 1. and Figure 2. 
describe the operation, specification and interface characteris- 
tics of the logic port. 


The address bits AO and A1 determine which D/A channel is 
selected. When LD input is low the respective latch of the D/A is 
enabled (digital input data becomes transparent to the latch and 
the selected DAC channel), and digital data is loaded into the se- 
lected DAC. 


Power Supplies and Voltage Reference DC Voltage 
Ranges 


For the single supply operation, Voc = +10 V, Vpp = +5 V, and 
Vee = GND =O V. The Vout 1-4 and Var 1-4 range would be 
Voc -1.8 V (10 — 1.8 = 8.2 V) to Veg +1.5 V (0+ 1.5=1.5 V). 
Vreen is the equivalent of AGND for this DAC. In this mode 
Vreen Can be set at (Voc + VeE)/2 = (10+ 0)/2=5V. Vacen DC 
range can, however, be set from Vee +1.5=1.5V to Voc —-1.5= 
8.2 V. Refer to Table 2. for the relationship equations. 


For the dual supply operation, Voc = +5, Vpp = +5, and Ver = 
—5 V. The Vout 1-4 and Vref 1-4 range would be Vcc -1.8 V (5 
V —-1.8 = 3.2 V) to Vee +1.5 V (-5 + 1.5=-3.5 V). In this mode 
Vreen Can be set to (Voc + Veg)/2 = (5 -5)/2 =0 V. However, 
Vreen DC range can be set from Veg +1.5 V=3.5 V to Veo —-1.8 
= +3.2 V. Refer to Table 2. for the relationship equations. 


About the INV Input and its DC Voltage Range 


Voc 


Figure 3. Simplified Block Diagram 


As noted in the specification table, the max DC value of the 
INV input pin is Vo. Figure 3. shows a simplified block diagram 
of the internal circuitry around INV. If Viny exceeds Vo, Q1 will 
saturate and the amp and consequently the DAC becomes non- 
functional. 


The min DC range of INV is limited to Vpe (Q1) and Veg (sat) 
of ly. Therefore, INV (min-DC) = Veg +1 V. 
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Graph 1. Relative Accuracy vs. Digital Code 
DACs 1 to 4 
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Gain 
(5dB/DIV) 


Group Delay : 
(20 ns/DIV) 
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Graph 2. Typical Gain and Group Delay vs. Frequency 
(with 5K Resistor Across Output to Vef) 
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FEATURES 


Differential Linearity +1/2 LSB Tmin to Tmax 
Microprocessor Compatible 

Low Glitch Energy 

Gain Error Tempco (2 ppm/°C max) 

Low Output Capacitance (50 pF) 

Low Sensitivity to Amplifier Offset (330UV/mV) 


GENERAL DESCRIPTION 


The MP7645 is a precision 12-bit CMOS 4-quadrant multiply- 


ing DAC with an on-board data latch. The latch is loaded by a 
single 12-bit wide word. The MP7645 interfaces directly to most 
12 or 16-bit bus systems. Data is loaded into the input latch un- 
der the control of CS and WR inputs. These control inputs are 
level triggered; tying these inputs low makes the input latch 
transparent allowing direct unbuffered operation of the DAC. 


Stability — The MP7645 incorporates a unique decoding tech- 
nique yielding excellent accuracy and stability over tempera- 
ture. Monotonicity is guaranteed over the entire temperature 
range including the industrial and military ranges. The 
MP7645 offers a superior alternative for the MP7545. The 
gain error specification of 2 ppm/°C over a 100°C tempera- 
ture range equals 0.8 LSB of error. 


SIMPLIFIED BLOCK DIAGRAM 
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12-Bit 
Multiplying DAC 


MP7645 


15 V CMOS 
Buffered Multiplying 12-Bit 
Digital-to-Analog Converter 


Four Quadrant Multiplication 
Latch-Up Free 

TTL/5 V CMOS Compatible 

Low Power Consumption (20 mW) 
Guaranteed Monotonic 

Use MP7645B for New Designs 


Digital Feedthrough — Almost directly related to output ca- 
pacitance, the MP7645 has 5 to 8 times less digital 
feedthrough than similar buffered DACs, and additional digi- 
tal buffering is not necessary. 


Low Output Capacitance - Due to smaller FET cell geome- 
tries, the output capacitance at 25/50 pF is 5 times less than 
standard R-2R CMOS DACs. Lower capacitance allows the 
MP7645 to achieve the fastest CMOS DAC settling times 
possible; less than 1 sec for full scale response to 0.01% 
when utilizing a high speed output amplifier. The MP7645 is 
more stable over a larger bandwidth than similar DACs. 
Low Sensitivity to Output Amplifier Offset - CMOS DACs 
must operate into virtual ground. The additional linearity error 
incurred by amplifier offset is reduced by a factor of at least 2 
in the MP7645 over conventional DACs, to 330ULV per mil- 
livolt offset. Trim pots can be eliminated by using a low offset 
amplifier such as an OP-07 or OP-27. 
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FEATURES 


e Greater than 2000 V ESD Protection 

e Differential Linearity +1/2 LSB Tmin to Tmax 
e Microprocessor Compatible 

e Low Glitch Energy 

e Gain Error Tempco (2 ppm/°C max) 

e Low Sensitivity to Amplifier Offset 


MP7645B 


CMOS 
Buffered Multiplying 12-Bit 
Digital-to-Analog Converter 


Four Quadrant Multiplication 
Latch-Up Free 

TTL/5 V CMOS Compatible 
Guaranteed Monotonic 


GENERAL DESCRIPTION 


The MP7645B is an improved precision, monolithic 12-bit 
CMOS 4-quadrant multiplying DAC with an on-board data latch. 


The latch is loaded by asingle 12-bit wide word. Data is loaded - 


into the input latch under the control of CS and WR inputs. 
These control inputs are level triggered; tying these inputs low 
makes the input latch transparent allowing direct unbuffered op- 
eration of the DAC. 


— Stability - The MP7645B incorporates a unique decoding 
technique yielding excellent accuracy and stability over tem- 


SIMPLIFIED BLOCK DIAGRAM 


perature. Monotonicity is guaranteed over the entire tem- 
perature range including the industrial and military ranges. 
The gain error specification of 2 ppm/°C over a 100°C tem- 
perature range equals 0.8 LSB of error. 


Digital Feedthrough— The MP7645B has 5 to 8 times less dig- 
ital feedthrough than similar buffered DACs. 


Low Sensitivity to Output Amplifier Offset — The additional 
linearity error incurred by amplifier offset is reduced by a fac- 
tor of at least 3 in the MP7645B over conventional DACs. 
High latch-up resistance and high ESD protection make this a 
rugged, reliable attenuator! 


12-Bit 
Multiplying DAC 


a Input Data 
J : Latches 


fief 


DB11-DBO 


4-261 


TOM’ 


MP7645B 
ee eee 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range (LSB) (LSB) (% FSR) 


~40to+85°C | MP7645BBD 
-40t0+85°C | MP7645BCD 


PIN CONFIGURATION 


See Packaging Section for 
Package Dimensions 


louT Rep 

AGND VREF 
DGND Vop 
(MSB) DB11 WR 
DB10 cs 

DB9 DBo (LSB) 

DB8 DB1 

DB7 DB2 

DB6 DB3 

DB5 DB4 


20 Pin CDIP, PDIP (0.300”’) 
D20, N20 


PIN OUT DEFINITIONS 


DESCRIPTION DESCRIPTION 


Current Output Port Data Input Bit 4 


Analog Ground Data Input Bit 3 

Digital Ground Data Input Bit 2 

Data Input Bit 11 (MSB) Data Input Bit 1 

Data Input Bit 10 Data Input Bit 0 (LSB) 

Data Input Bit 9 Chip Select Input (Active Low) 


Data Input Bit 8 WR Write Input (Active Low) 


Data Input Bit 7 Positive Voltage Power Supply 
Data Input Bit 6 Reference Voltage Input 
Data Input Bit 5 Feedback Resistor Input 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 15 V, Vraer = +10 V unless otherwise noted) 
Tmin to Tmax 
Min Max he | Test Conditions/Comments 


STATIC PERFORMANCE! FSR = Full Scale Range 


Resolution (All Grades) 


Integral Non-Linearity End Point Linearity 
(Relative Accuracy) 

K,B 

L,C 


Differential Non-Linearity 
K,B 
L, © 


Gain Error Using Internal Reg 
K,B 
L,C 


Gain Temperature Coefficient@ AGain/ATemperature 


Monotonicity Guaranteed Guaranteed 
K, 12-Bit Monotonic Tmin to Tmax 


Power Supply Rejection Ratio + + |[AGain/AVpp| AVpp = + 5% 


Output Leakage Current 
K, L, 6, G 


DYNAMIC PERFORMANCE? 


Current Settling Time Full Scale Change to 1/2 LSB 
AC Feedthrough at lout 5 Vrer= 10kHz, 20 Vp-p, sinewave 


Propagation Delay From digital input change to 
90% of final value 


REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “O” Voltage 
Input Leakage Current 


Input Capacitance2 
Data DBO-DB11 


Control WR, CS 


ANALOG OUTPUTS 


Output Capacitance? 
DAC Inputs all 0’s 


DAC Inputs all 1’s 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


POWER SUPPLY 


Functional Voltage Range® 
Supply Current All digital inputs = 0 V or all=5 V 


SWITCHING 
CHARACTERISTICS2: 4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Write Pulse Width 

Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 


NOTES: 


Full Scale Range (FSR) is 10V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Vop IOGND: ...cnvenseeseveeecesentsdabevseese: +17 V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —0.5 to Vpp +0.5 V 

lour:, loro to GND .........-. GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
ied . se a Sete? CRORE HERS R ETERS YS Pose ete — : Package Power Dissipation Rating to 75°C 
AGNDtoDGND ..........................000.. +0.5 V CU, FON 2420s ekeeuen ee eewdtndsaven auras 950mW 
(Functionality Guaranteed +0.5 V) Derates above 75°C .............0..0005. 13mW/°C 


NOTES: 

L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 

3 GND refers to AGND and DGND. 
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WRITE CYCLE TIMING DIAGRAM 


MP7645B 


ICH 
l-——— ts a Voo 
CS i. “an a Ae 


0 


DATA IN 
(DBO-DB11) 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 


MICROPROCESSOR INTERFACING OF THE 
MP7645B 


The MP7645B can interface directly to both 8- and 16-bit mi- 
croprocessors via its 12-bit wide data latch using standard CS 
and WR control signals. 


A typical interface circuit for an 8-bit processor is shown 
(NO TAG). This arrangement uses two memory addresses, one 
for the lower 8 bits of data to the DAC and one for the upper 4 bits 
of data into the DAC via the latch. 


ADDRESS BUS 
Qo 


ADDRESS? cS 
DECODE fy aa 

LATCH » DB11 

id = ~ DBS 


MP7645B 
8-BIT DATA BUS 


Qo DECODED ADDRESS FOR DAC 
Q1 DECODED ADDRESS FOR LATCH 


Figure 1. 8-Bit Processor to MP7645B Interface 


FY rv20 fF Ff Ff fF ff / 


0 
tbH 


tos 


V Vpp 
we DATA VALID 
IL 


NO TAG shows an alternative approach for use with 8-bit 
processors which have a full 16-bit wide address bus such as 
6800, 8080 and Z80. This technique uses the 12 lower address 
lines of the processor addresses bus to supply data to the DAC, 
thus each MP7645B connected in this way uses 4k bytes of ad- 
dress locations. Data is written to the DAC using a single mem- 
ory write instruction. The address field of the instruction is or- 
ganized so that the lower 12 bits contain the data for the DAC 
and the upper 4 bits contain the address of the 4k block at which 
the DAC resides. 


16-BIT ADDRESS BUS 


ADDRESS 
DECODE 


DBO 


CS MP7645B 


DATA BUS 


Figure 2. Connecting the MP7645B to 8-Bit 
Processors via the Address Bus 
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e 8 Independent 2-Quadrant Multiplying 8-Bit DACs 


FEATURES 


e Serial Digital Input Data and Address Port (3-Wire 


Standard) plus Internal Chip Address Decoder© 
e Dual Supplies (+5 V typ.) 
e High Speed: 
— 12.5 MHz Digital Clock Rate 
— Vper to Vout Settling Time: 150ns to 
8-bit (typ) 
- Voltage Reference Input Bandwidth: 
10 MHz (typ) 
e Low Power: 150mW (typ) 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 
e DNL = +0.8 LSB, INL = +1 LSB (typ) 
e DACs Matched to +0.5% (typ) 


GENERAL DESCRIPTION 


The MP7651 is ideal for direct gain control of video, compos- 
ite video, CCD andother high frequency analog signals. The de- 
vice includes 8-channels of high speed, high bandwidth, two 
quadrant, multiplying, 8-bit accurate digital-to-analog converter. 
It includes an output drive buffer per channel capable of driving 
+1mA (typ) to aload. DNL of better than +0.8 LSB is achieved 
with a channel-to-channel matching of better than 0.5%. Stabil- 
ity, matching, and precision of the DACs is achieved by using 
EXAR’s thin film technology. Also, excellent channel-to-channel 
isolation is achieved with EXAR’s BICMOS process which can- 
not be achieved using a typical CMOS technology. 


An open loop architecture (patent pending) provides wide 
small signal bandwidth from Vref to output up to 10 MHz (typ), 


V iv20 f ff 7 


MP7651 


8-Channel, Voltage Output 


10 MHz Input Bandwidth 8-Bit Multiplying 


DACs with Serial Digital Data Port 
and Chip Select Decoder 


e Low Harmonic Distortion: 
with Vrer = 1 Vp-p @ 1 MHz 

e Vref/2 Output Preset Level 

e Latch-Up Proof 

Greater than 2000 V ESD Protection 


0.25% typical 


APPLICATIONS 


e ATE 

e Process Control (Low Noise) 

e Convergence Adjustment for High 
Resolution Monitors (Work Stations) 

e Digital Gain/Attenuation/Offset Control 

e Trimmer Replacement 


fast output settling time, and Vref feedthrough isolation of 
—65dB or better. In addition, low distortion in the order of 0.25% 
with a 1 V p—p, 1 MHz signal. 


A specified and constant input impedance of each Vref, in- 
put gives flexibility for optimal system design. The serial data 
3-wire standard u-processor logic interface reduces pin count, 
package size (28 pin), and board wire (space). Additionally, the 
internal chip select decoder allows for easy daisy chaining with- 
out the addition of separate control logic. 


MP7651 is fabricated on a junction isolated, high speed, dual 
metal, linear compatible BICMOS (BICMOS IV™) thin film resis- 
tors. This process enables precision high speed analog/digital 
(mixed-mode) circuits to be fabricated on the same chip. 
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SIMPLIFIED BLOCK DIAGRAM© 
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Voc 


8-Bit Latch Voo 


8-Bit Latch Vor 
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VR7 


omen Latch Nes 
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LD 


CSOP to 


8 
LD CS3P 


1-Bit 
Address Address 
SDO 
16-Bit Shift Register 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type Range Part No. (LSB) (LSB) (% FSR) 


solic | -4010+85°C | Mp7651AS 
Plastic Dip] ~40to+85°C_| _MP7651AN 
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PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


VR1 
VO1 
VO2 
VR2 
VR3 
VO3 
Voec 
VEE 
GND 
VO4 
VR4 
VR5 
VO5 
VO6 


28 Pin PDIP (0.300”) 
NN28 


PIN OUT DEFINITIONS 


__PINNO| NAME _ DESCRIPTION 


- O© ON OO FR WO LY = 


—_ 
—" 


12 


=k ah mk 
a - W 


DAC 1 Reference Input 
DAC 1 Output 

DAC 2 Output 

DAC 2 Reference Input 
DAC 3 Reference Input 
DAC 3 Output 

Positive Supply 
Negative Supply 
Ground 

DAC 4 Output 

DAC 4 Reference Input 
DAC 5 Reference Input 
DAC 5 Output 

DAC 6 Output 

DAC 6 Reference Input 


VR1 
VO1 
VO2 
VR2 
VR3 
VO3 
Vcc 
VEE 
GND 
VO4 
VR4 
VR5 
VO5 
VO6 


Oo OND oO FF WOW DP = 


MP7651 


VRO 
VOO 
CS3P 
CS2P 
RST 
LD 
CLK 
SDO 
SDI 
CS1P 
CSOP 
VO7 
VR7 
VR6 


28 Pin SOIC (ElAu, 0.335”) 


DAC 7 Reference Input 
DAC 7 Output 

Chip Select Bit 0 (LSB) 
Chip Select Bit 1 

Serial Data/Address Input 
Serial Data Output 

Shift Register Clock 


Load Signal; Load Data 
to Selected DACs 


Reset Signal; Reset all DACs to 
VREF/2 


Chip Select Bit 2 

Chip Select Bit 3 (MSB) 
DAC 0 Output 

DAC 0 Reference Input 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Noted: Vcc = +5 V, Veg = —5 V and -3 V, Vref = 3 V and -3 V, T = 25°C, 
Output Load = Open 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 

Gain Error 

Zero Scale Offset 
Output Drive Capability 


REFERENCE INPUTS 


Impedance of Vrer 6 12 
Voltage Range Vee +1.5 


DYNAMIC 
CHARACTERISTICS? 


Input to Output Bandwidth 
Input to Output Settling Time® 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Voltage Settling from Vref to 
Vpac Out 
Voltage Settling from Digital 
Code to Vpac Out 
Vref Feedthrough 
Group Delay 
Harmonic Distortion 
Channel-to-Channel Crosstalk 
Digital Feedthrough 
Power Supply 
Rejection Ratio 


POWER CONSUMPTION 


Positive Supply Current 
Negative Supply Current 
Power Dissipation 


DIGITAL INPUT 
CHACTERISTICS 


Logic High? 

Logic Low 

Input Current 

Input Capacitance? 


FSR = Full Scale Range (1) 


Max Swing is AGND +3 V 


R, =5k, C, = 20 pF 


VR = 1.6 V p—p, R, = 5k to Veg 
VR=1.6V p-p, R, =5kto Ver 
VouT=50mV p-p above code 16 


VouT=50mvV p-p for all codes 


Vpr=0 to Vp = 3V Step (6) 
to 1 LSB 
ZS to FS to 1 LSB 


Codes=0 @ 1 MHz 


Vrer=1MHz Sine 3V p-p 
@ 1 MHz, single channel 
CLK to Vout 

AV=45% 


VreF=0V 
VreF =0V 
Vref = 0 V, Codes = all 1 


¥ EXAR 7 MP7651 


ELECTRICAL CHARACTERISTICS TABLE 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max 


DIGITAL TIMING 
SPECIFICATIONS? 4 


Input Clock Pulse Width 
Data Setup Time 
Data Hold Time 
CLK to SDO Propagation Delay 
DAC Register Load Pulse Width 
Reset Pulse Width 
Clock Edge to Load Rising Edge 
Clock Edge to Load Falling Edge 
Load Falling Edge to SDO 
3-state Enable 
Load Rising Edge to SDO 
3-state Disable 
Load Falling Edge to CLK Disable 
Load Rising Edge to CLK Enable 
LD Set-up Time with Respect 
to CLK 
CS0-CS3 Set-Up Time with 
Respect to LD 


tcH, to 
tos 

tbH 

tpp 

tLp 
trast 
tCKLD1 
tcKLD2 
tHz1 


tyz2 


tLpcK1 
tLpck2 
tLpsu 


tcsLp 


NOTES: 


1 Full Scale Range (FSR) is 3V. 

Guaranteed but not production tested. 

Digital Input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See Figures 2 and 3. 

For reference input pulse: tr = tp > 100 ns. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


VeQIOGND sscccvrstaassrceeswnawsr sa cence eos +6.5 V Maximum Junction Temperature ................. 150°C 

VEE 1 SD ocncv cc fos eee deeS Een ait eedoaw ewes —-6.5 V és a 

Wien fO5NID sé cvesevstdaveduwaeanedensa nue Mow 10 Veg Storage Temperature ................. —65°C to +150°C 

Mig IO GUNES oxenoevess gaan edaesene es tcaanas Voc to Veg Lead Temperature (Soldering, 10 sec) ........... +300°C 
igital Input & Output Voltage 

sOGND oe... GND-0.5 to Vog +0.5V _—_-Package Power Dissipation Rating @ 75°C 

Operating Temperature Range PLAFI MG cee tWeken oeRewe Ayre evens eews 1000mW 
Extended Industrial ................-.. —40°C to +85°C Derates above 75°C ........ 0.00.00 eee eae 6mW/°C 

NOTES: 

1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 
2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100.s. 


APPLICATIONS INFORMATION 
Refer to Section 8 
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0 


ee 
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VOUT ————————————————————————rreroOonorrV 


DAC Register 
Loaded 


Figure 1. Serial Data Timing and Loading 


SDI 
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0 HIGH Z 
top k- tcsLb | 
CSOP-CS3P | | ” | 


] 
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LD 1 : | 
0 | 
L. tLp > 
+5 V 
Vout | —= 
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+ 1/2 LSB BAND 


Figure 2. Detail Serial Data Input Timing (RST = “1”) 
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RST \ y 
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+ 1/2 LSB ERROR BAND 


Figure 3. RESET Operation 
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THEORY OF OPERATION 


MP7651 is equipped with a serial data 3-wire standard u- 
processor logic interface to reduce pin count, package size (28 
pin), and board wire (space). This interface consists of LD which 
controls the transfer of data to the selected DAC channel, SDI 
(serial data/address input), CLK (shift register clock) and SDO 
(serial data output). When the LD signal is high, CLK signal 
loads the digital input bits (SDI) into the 16-bit shift register (8 bits 
data D7 to DO, plus 4 bits address A3 to AO, and 4 bits of Chip 
Select data CSOS to CS3S). If the CSOS to CS3S in the shift reg- 
ister match the parallel chip-select address (CSOP to CS3P) for 
the selected chip, then the LD signal going low loads the data 


Stop Shifting 
Data In and 
Out 


Load DACs 


No Operation 


e----"*ODO0D00000 
e- - -O7r++-$-0000 


No Operation 
No — 


sree e - O-=|OO$—$-00 
-—-O.-.-2--0-0-0-0-O 


[Function _ [as a2 A1_A0 ee esos csis cs2scs3s sey ook wer __|_s00_ 
Shift Dataln |X xX X xX 0-4 Data Input | Data Output 
and Out Repeat 


Matched with 4 parallel 
chip select data 
CSOP to CS3P 


MP7651 


into the selected DAC of that chip. The LD signal going low also 
disables the serial data input (SDI), output (SDO 3-stated) and 
the CLK input. This design tremendously reduces digital noise, 
and glitch transients into the DACs due to free running CLK and 
SDI. Also, 3-stating the SDO output with LD signal would allow 
read back of pre-stored digital data of the selected package us- 
ing one SDO wire for all DAC ICs on the board. Note also that 
the reset signal (RST) resets all analog outputs to 1/2 of Vacr, 
regardless of any digital inputs. Also note that the input V.; is 
referenced to GND. 


Table 1. Digital Function Truth Table 
Serial In/Serial Out 


D7 DO | DAC Output Voltage 
MSB LSB| Voi = AGND + (Vpi- AGND) | Voi = AGND + (Vai- AGND) (355 ) ) 


Pofeofofofofofofof smo 


(Vpi- AGND) ( S22 ) + AGND 


(Vai - AGND) ( $22 ) + AGND 


Table 2. DAC Transfer Function 
Analog Output vs. Digital Code 
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Figure 4. Internal Chip Address Decoder Plus Logic Interface 
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ADDRESS BUS 


MC68000 


CLK LD CSOP toCS3P 


MP7651 
RST 


VPA 


1/4 Tr 


VDS 


FROM SYSTEM RESET 
DBO to DB15 


DATA BUS 


Figure 5. MC68000 Interface (Simplified Diagram) 


ADDRESS BUS 


AO to A15 


AO to A2 


MC6800 


74LS138 


ADDRESS 
DECODER 


DATA BUS 


= MP7651 
RST 


FROM SYSTEM RESET 


NOTES: 
1. Execute consecutive memory write instructions while manipulating the data between WRITEs so that 


each WRITE presents the next bit 

2. Theserial data loading is triggered by the CLK pulse which is asserted by adecoded memory WRITE 
location 2000, R/W, and 02. AWRITE to address 4000 transfers data from the input shift register to the 
DAC register. 


Figure 6. MC6800 Interface (Simplified Diagram) 
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APPLICATION NOTES 
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Figure 7. Simplified Diagram 
Configuration A 
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Figure 8. Simplified Diagram 
Configuration B 
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Figure 9. Simplified Diagram 
Configuration C 
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MP7651 


AO to A2 


Es 74LS138 

ADDRESS 

WR GE2 DECODER 
i DATA BUS 


SOD 


ou MP7651 
RST 


NOTES: 

1. Clock generated by WR and decoding address 8000 

2. Data is clocked into the DAC shift register by executing memory write instructions. The clock input is 
generated by decoding address 8000 and WR. Datais then loaded into the DAC register with a memory 
write instruction to address 4000. 

3. Serial data must be present in the right justified format in registers H & L of the microprocessor. 
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Figure 10. 8085 Interface (Simplified Diagram) 
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All resistors = 50 Q unless otherwise specified 
Gain of all DACs set to 1 (no attenuation) 


Figure 15. Crosstalk Measurement Set-Up 
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PERFORMANCE CHARACTERISTICS 
Channel-to-Channel Crosstalk (Gain vs. Frequency; All DACs set to full scale; Va¢r¢=1.6 Vp-p) 
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Graph 11. Preset Voltage vs. Temperature 
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Graph 13. Gain & Phase vs. Frequency 
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Graph 14. Feedthrough vs. Frequency 
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The order is: 
---Full Scale 
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Graph 15. Gain (Vo/Vp) vs. Frequency 
Open Loop/Unloaded Output* 
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Graph 17. Icc vs. Temperature 
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Graph 19. Reference Input Voltage 
Range vs. Supply Voltages 
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Graph 18. lee vs. Temperature 
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Graph 20. All Channel 
Crosstalk vs. Frequency 


* A 2K or 5K resistor across output and V_g will remove peaking (See = 26). 
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FEATURES 


e Independent References 
e 4 |ndependent 2-Quadrant Multiplying 8-Bit DACs 
e Dual Positive (+10 V and +5 V) Supplies or 
Dual (+5 V) Supplies Capability 
e High Speed: 
—- 12.5 MHz Digital Clock Rate 
— VreEF to Vout Settling Time: 150ns to 8—bit 
(typ) 
- Voltage Reference Input Bandwidth: 
15 MHz 
e Low Power: 80mW 
e Low AC Voltage Reference Feedthrough 
e Excellent Channel-to-Channel Isolation 
e DNL = +0.5 LSB, INL = +1 LSB (typ) 
e DACs Matched to +0.5% (typ) 
e Very Low Noise 


MP7652 


4-Channel Voltage Output 
15 MHz, Input Bandwidth, 8-Bit Multiplying 
DACs with 3-Wire Serial Digital Port 

and Independent References 


e Low Harmonic Distortion: 0.25% typical with 
VreF=1Vp-p @ 1 MHz 

e Vref/2 Output Preset Level 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 


APPLICATIONS 


e Direct High-Frequency Automatic Gain Control 

e Video AGC & CCD Level AGC 

e Convergence Adjustment for High-Resolution 
Monitors (Workstations) 


GENERAL DESCRIPTION 


The MP7652 is ideal for digital gain control of high frequency 
analog signals such as video, composite video, CCD and oth- 
ers. The device includes 4-channels of high speed, wide 
bandwidth, two quadrant multiplying, 8-bit accurate digital-to- 
analog converter. It includes an output drive buffer per channel 
capable of driving a +1mA (typ) load. DNL of better than +0.5 
LSB is achieved with a channel-to-channel matching of typically 
0.5%. Stability, matching, and precision of the DACs are 
achieved by using MPS’ thin film technology. Also, excellent 
channel-to-channel isolation is achieved with EXAR’s BiCMOS 
process which cannot be achieved using a typical CMOS tech- 
nology. 


An open loop architecture (patent pending) provides wide 


ORDERING INFORMATION 


Package 
Type 


y Fevi0 f ff ff ff ff f 


Temperature INL DNL 
Range (LSB) (LSB) 
soic___|_-4010+85°C | MP7652AS 

-40t0 +85°C_|__MP7652AN 
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small signal bandwidth from Vpe_er to output up to 15 MHz (typ), 
fast output settling time of 150 ns, and excellent Vprr 
feedthrough isolation. The bottom of each DAC reference string 
is brought out separately for totally isolated operation. In addi- 
tion, low distortion in the order of 0.25% with a 1 V p-p, 1 MHz 
signal is achieved. 


The combination of a constant input Z and the ability to vary 
Vreen Within Voc —1.8 and Veg +1.5 V allows flexibility for opti- 
mum system design. 


The MP7682 is fabricated on a junction isolated, high speed 
BiCMOS (BiCMOS IV™™) process with thin film resistors. This 
process enables precision high speed analog/digital (mixed- 
mode) circuits to be fabricated on the same chip. 


Gain Error 
(% FSR) 
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SIMPLIFIED BLOCK DIAGRAM 


» 


DBO toDB7 | AO Ai X X 
12-BIT SHIFT REGISTER 
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VREFP1 


VouT1 


VREFN1 
VREFP2 


VouT2 


VREFN2 
VREFP3 


VouT3 


VREFN3 
VREFP4 


VouT4 


VREFN4 


SDO 
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N/C 1 N/C 
N/C 2 PRESET 
Vpp 3 LD 
Voc 4 CLK 
VEE 5 SDO 
DGND 6 SDI 
VREFN1 7 VREFN4 
VouT1 8 Vout4 
VREFP1 9 VREFP4 
VREFP2 10 VREFP3 
Vout2 VouTs3 
VREFN2 VREFN3 
24 Pin PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300”) 
NN24 S24 


PIN OUT DEFINITIONS 


_PINNO. | NAME _ DESCRIPTION 


No Connection 


EE DESCRIPTION 


VoutT3 DAC 3 Output 
No Connection VREFP3 DAC 3 Positive Reference Input 
VREFP4 DAC 4 Positive Reference Input 
VouT4 DAC 4 Output 
VREFN4 DAC 4 Negative Reference Input 
SDI Serial Data and Address Input 
SDO Serial Data Output 

Shift Register Clock Input 

Load Data to Selected DAC 


Preset all DACs to 1/2 


(VREF = VREEN).- PRESET is 
internally connected to Vpp 
through 300 kQ. 


No Connection 


Digital Positive Supply 
Analog Positive Supply 
Analog Negative Supply 
DGND Digital Ground 
VREFN1 DAC 1 Negative Reference Input 
Vout DAC 1 Output 
VREFP1 DAC 1 Positive Reference Input 


OAaON OO FP WO DY — 


— © 
jo) 


VREFP2 DAC 2 Positive Reference Input 
VouT2 DAC 2 Output 
VREFN2 DAC 2 Negative Reference Input 


a 
Q ty = 


VREFN3 DAC 3 Negative Reference Input 
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TEER 


ELECTRICAL CHARACTERISTICS TABLE FOR D 


UAL SUPPLIES 


te EXAR 


Unless Otherwise Noted: Vpp =5V, Vcc = +5V, VEE =-5 V, VREFP =3Vand-3V,T= 25°C, 


Output Load = Open, DGND=Vrern = 0 V 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 

Gain Error 

Zero Scale Offset 
Output Drive Capability 


REFERENCE/INV INPUTS 


Impedance of Vraer 
Voltage Range 
Vrern DC Voltage Range 


DYNAMIC 
CHARACTERISTICS2 


Input to Output Bandwidth 
Input to Output Settling Time® 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Small Signal Voltage Reference 
Input to Output Bandwidth 
Voltage Settling from Vr_er to 
VpaAC Out 
Voltage Settling from Digital 
Code to Vpac Out 
Vrer Feedthrough 
Group Delay 
Harmonic Distortion 
Channel-to-Channel Crosstalk 
Digital Feedthrough 
Power Supply 
Rejection Ratio 


POWER CONSUMPTION 


Positive Supply Current 
Negative Supply Current 
Power Dissipation 


DIGITAL INPUT 
CHACTERISTICS 


Logic High? 

Logic Low? 

Input Current 

Input Capacitance? 


-INV Pos. 


INV Neg. 


Guaranteed 


Max Test Conditions/Comments 


FSR = Full Scale Range! 


Vrerp Max Swing iS VaeFN +3 V 


Ry. = 5 kQ, Gy. = 20 pF 


Vrerp=1.6 Vp-p, Ry, =5kQ, to Veg 
Vrerp=1.6Vp—p, Ry =5kQ, to Veg 
VouT=50mvV p-p above code 16 


VoutT=50mV p-p for all codes 


Vrerp=0 to VRerp = 3V Step® 
to 1 LSB 
ZS to FS to1 LSB 


Codes=0 @ 1 MHz 


VReFp=1MHz Sine 3V p-p 
@ 1 MHz, single channel 
CLK to Vout 

AV=+5% 


Vrerp = 0V 
Vrerp =0V 
Vreep = 0 V, Codes = all 1 


TOM 


ELECTRICAL CHARACTERISTICS TABLE 


DIGITAL TIMING 
SPECIFICATIONS2: 4 


tie | Sli | 


Input Clock Pulse Width 

Data Setup Time 

Data Hold Time 

CLK to SDO Propagation Delay 

DAC Register Load Pulse Width 

PRESET Pulse Width 

Clock Edge to Load Rising Edge 

Clock Edge to Load Falling Edge 

Load Falling Edge to SDO 
Tri-state Enable 

Load Rising Edge to SDO 
Tri-state Disable 

Load Falling Edge to CLK Disable 

Load Rising Edge to CLK Enable 

LD Set-up Time with Respect 

to CLK 


tcKLD1 
tcKLD2 
tyz1 


tyz2 


tLDCK1 
tLpcK2 
tLpsu 


NOTES 


1 Full Scale Range (FSR) is 3V. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See Figures 1 and 2. 

For reference input pulse: ta = te > 100 ns. 


ak, WO DY 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Veet VAG scene ceeds aevntanssaewenndrseswons +6.5 V Maximum Junction Temperature ......... —65°C to 150°C 
Vee TO VEGF «asc cck ener env semee sense eb emen was -6.5V S - , 
Vee ta DGND cveuae vaisshnscinekesnvneameaead +13.0 V torage Temperature .........--..ee eee ee eee ees 150°C 
Vee to DGND ..... 6. eee eee cece enn eee eees -6.5V Lead Temperature (Soldering, 10 sec) ........... +300°C 
Vrerp 1-4 to DGND, Vrern .-------- eee eee: Vcc to Vee 


Package Power Dissipation Rating @ 75°C 


Digital Input & Output Voltage to DGND —-0.5 to Vpp +0.5 V 


Operating Temperature Range PRIP, BOIS asscceinveceseenbnanes eewewe 1000mW 
Extended Industrial ................... —40°C to +85°C Derates above 75°C .......... cc eee eee 6mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. All inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100s. 
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Figure 1. Serial Data Timing and Loading (PRESET = “High” or open) 


“7 tos © 
i} 
spi | X ! \ 
0) a i] t i] 1 
‘a 'bH 1 c_ tyz1 Bis, > tHz2€ 
spo | \ HIGHZ 4 
0 ' 
- toy 2 , tap 5 * tock. > 
| |_————_ —————————— tLpsu —" ————— 
ok 0 ‘<— tcKLD +! ; , 
2 ' 
ID 1 tole tckLD1 tLockt oe 
0 KM j 
_ tLp => 
VOUT ' 
i] 
- tsp a. . ae 


+ 1/2 LSB BAND 
(PRESET = “High” or open) 
Figure 2. Detail Serial Data Input Timing 
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Figure 3. PRESET Operation 
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THEORY OF OPERATION 


The MP7652 is a 4-channel multiplying D/A converter that in- 
corporates a novel open loop architecture invented by MPS. 
The design produces the widest bandwidth, fastest settling time, 
most constant group delay, and a very low noise operation 
compared to the conventional R-2R based architectures (given 
an equal technology platform). This device is particularly useful 
in applications where analog multipliers are used to perform the 
gain adjustment function for high frequency analog signal condi- 
tioning. Analog multipliers produce much higher noise and. 
This design allows for digital control of gain with constant and 
very low noise for all gain settings. 


Linearity Characteristics 


Each DAC achieves DNL < +0.5 LSB (typ), INL < +1 LSB 
(typ), and gain error < +1.5%. Since all 4 channel D/A convert- 
ers are fabricated on the same IC, the linearity matching and 
gain matching of +0.5% (typ) is achieved. 


AC and Low Noise Performance 


The novel subranging architecture delivers a 15 MHz (type) 
~3 dB bandwidth. A constant group delay of 70 ns (typ) is 
achieved to frequencies up to 8 MHz. Analog output settling 
time for a code change of FS to ZS and ZS to FS with Vperp = 3 
V, is typically 150 ns (with R, = 5 k to Veg). Also, with all codes 
set to FS (all 1s) and a Vperp 3 V step, the analog output will 
settle to 8 bits in less than 110 ns (typ). Note that the AC perfor- 
mance specifications also match to between all 4 channels. The 
above AC and transient performance is achieved with each 
channel consuming only 20 mW (typ) with 10 V p-p supplies. 


Serial Port 


MP7652 is equipped with a serial data 3-wire standard -proc- 
essor logic interface to reduce pin count, package size, and 
board wire (space). This interface consists of LD which controls 
the transfer of data to the selected DAC channel, SDI (serial 
data/address input), CLK (shift register clock) and SDO (serial 
data output). When the LD signal is high, CLK signal loads the 
digital input bits (SDI) into the 12-bit shift register. The LD signal 
going low loads this data into the selected DAC. The LD signal 


FY Rvi0 f fF fF Ff ff ff 


going low also disables the serial data input (SDI), output (SDO 
tri-stated) and the CLK input. This design tremendously re- 
duces digital noise, and glitch transients into the DACs due to 
free running CLK and SDI. Also, tri-stating the SDO output with 
LD signal would allow read back of pre-stored digital data of the 
selected package using one SDO wire for all DAC ICs on the 
board. When the PRESET signal is low, the output of all DACs 
are 1/2 of (Vperp + Vreen), regardless of any digital inputs. 
Note that Vpcerp is referenced to Vrcen. 


Power Supplies and Voltage Reference DC Voltage 
Ranges 


For the single supply operation, Voc = +10 V, Vpp = +5 V, and 
Veg = DGND =O V. The Vo 1-4 and Vperp 1-4 range would be 
Voc -1.8 V (10 — 1.8 = 8.2 V) to Veg +1.5 V (0+ 1.5 = 1.5 V). 
Vreen is the equivalent of AGND for this DAC. In this mode 
VREFN Can be set at (Voc + Veg)/2 =(10+ OV2=5 V. VREEN 1-4 
DC range can also be set from Veg +1.5= 1.5 V to Voc —-1.5= 
8.2 V. Refer to Table 2. for the relationship equations. 


For the dual supply operation, Voc = +5, Vpp = +5, and Veg = 
—5 V. The Vout 1-4 and Vrerp 1-4 range would be Vcc —1.8 V 
(—1.8 = 3.2 V) to Veg +1.5 V (-5 + 1.5 =-3.5 V). In this mode 
Vreen can be set to (Voc + VeeE)/2 = (5 — 5)/2 = 0 V. Similarly, 
Vereen 1-4 DC range can be set from Vege +1.5 V=3.5 V to Voc 
—1.8=+3.2 V. Referto Table 2. for the relationship equations. 


Vrerp 1-4 


VREFN 1-4 


Figure 4. Simplified Block Diagram 
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Internal 
Address 
perf oo [ox [om [x 


Operation 


Preset all DACs to 
1/2 (VRerp + VREFN) 


X 


Last bit Shift data in and out 
of shift reg. 
Hi-Z DAC 1 Transparent 
Last bit DAC 1 Latched 
of shift reg. 
Hi-Z DAC 2 Transparent 
Last bit DAC 2 Latched 
of shift reg. 
Hi-Z DAC 3 Transparent 
Last bit DAC 3 Latched 
of shift reg. 
Hi-Z DAC 4 Transparent 
Last bit DAC 4 Latched 
of shift reg. 


Table 1. Digital Function Truth Table 
Serial In/Serial Out 


Do | DAC Output Voltage 
ae LSB] Vouti = Vrerni + (Vrerpi- Vrerni) (pec ) 
a 
254 


SN 
PEEP EET a 


Table 2. DAC Transfer Function 
Analog Output vs. Digital Code 


olor 


(VpeFp — VReFN) ( ) + VREFN 
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OPERATION WITH DUAL POSITIVE POWER SUPPLIES 


For the dual positive supplies operation, Vcc = +10 V, Vpp =5 V, Veg = 0 V and analog output zero level is to be referenced to (Voc t 
Vee) /2 by setting the AGND pin to 5 V. 


MICROPROCESSOR INTERFACE 


ie i 
_ DECODER = 


1/4 —, 


ADDRESS BUS 


AO to A23 


AS 


VMA 
MC68000 


CLK LD 
MP7652 
PRESET 


UPA 


UDS 


FROM SYSTEM RESET 


DBO to DB15 


DATA BUS 


Figure 5. MC68000 Interface (Simplified Diagram) 


ADDRESS BUS 


AO to A15 


AO to A2 


MC6800 


74LS138 


ADDRESS 
DECODER 


DATA BUS 


PRESET 


FROM SYSTEM RESET 


NOTES: 
1. Execute consecutive memory write instructions while manipulating the data between WRITEs so that 


each WRITE presents the next bit 
2. Theserial data loading is triggered by the CLK pulse which is asserted by a decoded memory WRITE 
location 2000, R/W, and 02. AWRITE to address 4000 transfers data from the input shift register to the 


DAC register. 
Figure 6. MC6800 Interface (Simplified Diagram) 
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ADDRESS BUS 


AO to A2 


74LS138 


ADDRESS 
DECODER 


WR qd £2 


CLK 


MP7652 
PRESET 


FROM SYSTEM RESET 


Figure 7. 8085 Interface (Simplified Diagram) 


NOTES: 

1. Clock generated by WR and decoding address 8000 

2. Data is clocked into the DAC shift register by executing memory write instructions. the clock input is 
generated by decoding address 8000 and WR. Data is then loaded into the DAC register with a memory 
write instruction to address 4000. 

3. Serial data must be present in the right justified format in registers H & L of the microprocessor. 


TOM 


4-292 


MP7652 


Vapi} | Vou Vre2t 7 Vor Vrpn? PV 
A a aL af oe Vaeny 4] Vom 


IC (2) 
MP7652 


Figure 8. Simplified Diagram 
Configuration A 
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Figure 9. Simplified Diagram 
Configuration B 
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Figure 10. Simplified Diagram 
Configuration C 
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Graph 3. Relative Accuracy vs. Digital Code 
DACs 1 to 4 
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Graph 4. Typical Gain and Group Delay vs. Frequency 


(with 5K Resistor Across Output to Veg) 
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8-Channel, Voltage Output, 

5 MHz, 4 Quadrant Multiplying 
8-Bit D/A Converter with 
Serial Digital Data Port 


FEATURES 


e 8 Independent 4-Quadrant Multiplying 8-Bit DACs 
e High Speed: 

—- Settling Time: 2.5 us to +1 LSB (typ) 

— Slew Rate: 5 V/us (typ) 

-— Voltage Reference Input Bandwidth: 

5 MHz (Vin = 100 mV p-p) 

e Low Power: 80 mW (typ) 
e DACs Matched to +0.5% (typ) 
e Power on Preset to Zero Volts for All Outputs 
e Midscale Preset, all DAC Outputs are Zero Volts 
e Latch-Up Free 
e Greater than 2000 V ESD Protection 


GENERAL DESCRIPTION 


The MP7670 is an 8-channel, 4 quadrant multiplying, 8-bit 
accurate digital-to-analog converter with a 5 MHz input band- 
width. It includes an output drive amplifier per channel capable 
of drivinga+7 mAtoaload. DNL of +0.25 LSB is achieved with a 
channel-to-channel matching of better than 0.5% (typ). Stability, 
matching, and precision of the DACs are achieved by using 
MPS’ thin film technology. 


The MP7670 is ideal for direct gain control of high frequency 
analog signals. The bipolar output amplifier has low noise which 


ORDERING INFORMATION 


e Analog Multiplier Replacement 

e High-Frequency Gain Control using DACs 

e Convergence Adjustment for Displays 
and Monitors 


produces a very sharp signal output particularly in display and 
monitor applications. 

A proprietary subranging architecture provides wide signal 
bandwidth from Vjjy to output up to 5 MHz (typ), fast output set- 
tling time, and Vix feedthrough isolation of —-60dB (typ). 

The MP7670 has a serial data 3-wire standard u-processor 
logic interface to reduce pin count, package size, and board wire 
(space). 

The MP7670 is fabricated on a junction isolated, high speed 
BiCMOS1™ process with thin film resistors. 


Package Temperature 
Type Range 
eR, (PETES) (aR Ee epee) 
Plastic Dip —40 to +85°C MP7670AN 
SOIC -40 to +85°C MP7670AS 
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SIMPLIFIED BLOCK DIAGRAM 
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PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


VouTD 
VinC 
VinD 
Vpp 
SDI 
Vss 
SDO 
CLK 
LD 
VinH 
VinG 


VouTtH 


24 Pin PDIP (0.300”) 
NN24 


oO OoON DOA KR WD = 


VoutD 
VinC 
Vpp 
SDI 
Vss 
SDO 
CLK 
LD 
VinH 
VinG 
VouTtH 


24 Pin SOIC (Jedec, 0.300”) 


PIN OUT DEFINITIONS 


_PINNO. | NAME _ DESCRIPTION 


ON OAR WB DY — 


DAC C Output 

DAC B Output 

DAC A Output 

DAC B Reference Input 
DAC A Reference Input 
Ground 

Preset Input, Active Low 
DAC E Reference Input 
DAC F Reference Input 
DAC E Output 

DAC F Output 

DAC G Output 


ite ae fen, DESCRIPTION 


DAC H Output 
DAC G Reference Input 
DAC H Reference Input 


Load DAC Register Strobe, 
Active High Input 


Serial Clock Input 
Serial Data Output 
Negative Power Supply 
Seral Data Input 
Positive Power Supply 
DAC D Reference Input 
DAC C Reference Input 
DAC D Output 
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ELECTRICAL CHARACTERISTICS TABLE FOR DUAL SUPPLIES 
Unless Otherwise Noted: Vpp = 5 V, Vss = —5 V, GND = 0 V, VinX =3 V 


25°C 
Symbol Min Typ Max Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 

Gain Error 


DAC OUTPUT 


Output Offset 
Voltage Range 
Output Current 
Capacitive Load 


REFERENCE INPUTS 


Input Resistance of one DAC 


Input Capacitance 
Voltage Range! 


DYNAMIC 
CHARACTERISTICS2 


Input to Output Bandwidth 
Small Signal 

Input to Output Bandwidth 
Large Signal 

Slew Rate 


Vin Feedthrough 
Total Harmonic Distortion 


Spot Noise Voltage 
Output Settling Time 
Channel-to-Channel Crosstalk 


Digital Feedthrough 
DIGITAL INPUTS 


Logic High? 

Logic Low? 

Input Current 

Input Capacitance? 


DIGITAL OUTPUTS 


Logic High 
Logic Low 


+1/4 


Guaranteed 
+1/2 


PR = 0, Sets Code = 80, 


AVout <1 LSB 
No oscillations 


Rin (typ) = 15KQ//Rx 
Rx = 20K92/(1-Code/256) 


Code = FS, VijnX = 100 mVp-p 


Code = FS, ViyX = 1 Vp-p 
Measured 10% to 90%, 
AVoutTX = +6 V 

Code = HS, up to f = 100 kHz 
VinX = 4 V p-p, Code = FS 
f=‘ kHz, fLp = 80 kHz 

f= 1 kHz 

+1 LSB, Code =0toFS 
Measured between adjacent 
channels, f = 100 kHz 

VinX = 0 V, Code = 0 to FS 


low =—0.4 mA 
lO = 1.6mA 


TOM 


Ze EXAR MP7670 
LE ee 


ELECTRICAL CHARACTERISTICS TABLE 


25°C 
Description Symbol Min Typ Max Conditions 


POWER SUPPLIES 
Power Supply Range 
Power Supply Rejection Ratio 
Positive , AVpp = +5% 
Negative PR=O0V, AVss = +5% 
Power Dissipation 
Power Supply Current 
Negative Supply Current 
DIGITAL TIMING 
SPECIFICATIONS2: 4 
Input Clock Pulse Width tcH, toi 
Data Setup Time tos 
Data Hold Time toH 
CLK to SDO Propagation Delay tpp 
Load Pulse Width tLp 
Preset Pulse Width tpr 
Clock Edge to Load tcKLD 
Load Edge to Next Clk Edge tLock 
NOTES 
1 Maximum input voltage is 2 V less than Vpp. 
2 


Guaranteed but not production tested. 
Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 


See timing diagram. 


> wo 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Vis (OCIA 25.05 sce ccRatansas Sends ced en beoes +6.5V Maximum Junction Temperature ........ —65°C to +150°C 
hi to apie TURP LERE Ce SESE SO RRS ERR Ie 7 = fe V Storage Temperature .......... 2.0... eee ee eee 150°C 
INA-H COGAN 2. cc eee ee ee tee ree ee eee pp tO Vss . ; 
Menire 1AGN vue dececcesaivereasecess Vpp to Vss Lead Lisl cians palene bi seconds) ....... +300°C 

Digital Input & Output Voltage to GND . —0.5 to Vpp +0.5 V Package Power Dissipation Rating @ 75°C 

Operating Temperature Range PO els oxan ners binned seweca seh uew ses 1000mW 
Extended Industrial ................6. —40°C to +85°C Derates above 75°C .............. 0c aee 14mW/°C 

NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 
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THEORY OF OPERATION 


The MP7670 contains 8 independent 4-quadrant multiplying 
D/A converters with output amplifiers. The design has incorpo- 
rated a novel approach that provides fast, accurate, low noise, 
low distortion, small size, and low power in the same device. 
This device is particularly useful in applications where multipli- 
ers are used to perform the gain adjustment function for high fre- 
quency analog signal conditioning. Also note that typical multi- 
pliers tend to increase noise particularly for low gain settings and 
have high offsets. The MP7670 design delivers a very low, 
constant noise, and low offset with digital control through the en- 
tire gain ranges of the D/A converter. 


Linearity Characteristics 


Each D/A converter in the MP7670 achieves DNL < -£0.25 
LSB (typ), and gain error < +0.2% (typ). Since all 8 channels of 
MP7670 are fabricated in the same IC, the linearity, gain match- 
ing, and input-output characteristics of all 8 channels match ex- 
tremely well. | 


The Logic Interface and Serial Port 


The MP7670 is equipped with a serial data 3-wire standard 
u-processor logic interface to reduce pin count, package size, 
and board wire (small size). This interface consists of LD which 
controls the transfer of data to the selected DAC channels that 
are fed through the SDI (serial digital data and address bits) with 


F Revi00 ff fF f 


Ze EXA 


the CLK (digital input shift register clock ). Please refer to the fol- 
lowing timing diagrams and truth tables for logic details. 


A SDO (serial digital data output driver) is connected to the 
other side of the input shift register and would save SDI bus 
space by allowing the daisy chaining of several MP7670s (con- 
necting SDI of device 2 to SDO of device 1). 


When the LD signal is low, CLK signal loads the digital input 
bits (SDI) into the 12-bit shift register. The LD signal going high 
loads this data into the selected DACs. Also, when the PR signal 
is low, the output of all DACs would be reset to 0 volts. 


Power Supplies and Input Voltage Ranges 


The MP7670 is capable of functioning with +5V and +3V 
supplies. The output and input DC ranges are limited to within 
+2 V from each positive and negative supplies. For example, 
with supplies at =E5V, the recommended output range is +3V. 


The MP7670 design eliminates any code dependent current 
change into its GND, hence easing the board level design by 
eliminating the stringent need for other types of DACs for low 
GND impedance wiring considerations at board level. 


Each output of the MP7670 DAC has an output amplifier driv- 
er delivering less than 0.052 of output impedance through a 
push-pull linear output stage. Each output and input characteris- 
tics parameter match extremely well, given that all channels are 
fabricated in the same IC. 
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SDI 1 
Daten) y X22 X AEX AL X AO X_B7 KDB XDA XX 2K DI XD) 


DAC Register Load 


1 
LD 9 / \ 


Figure 1. Serial Data Timing and Loading 


SDI 1 
(Dataln) 9 


SDO 1 
(Data Out) 9 


CLK 


LD 


ts 
Vein 7 | +1188 
+ 1 LSB ERROR BAND 


£ eee 


Figure 2. Detail Serial Data Input Timing (PR = “1”) 
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Figure 3. PRESET Timing 
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LAST 


FIRST 


sooo] or] oe] oo] or] oe] on] nase] somo] m | | web 


MSB LSB 


No Operation 
DAC A 
DAC B 
DAC C 
DAC D 
DAC E 
DAC F 
DAC G 
DAC H 
No Operation 


Data 
Address 


oo -++-+-0000 
oo -_-c0o0-- 00 
-OoO-}-O0O0O-0+-0 +O 


: 
0 
0 
0 
0 
0 
0 
1 
1 


No Operation 


— 
—_ 


MSB LSB 
DAC Output Voltage 
eC eon Vout = (D/128 — 1) x Vin 


—VIN 
(1/128-1) X VIN 


(127/128-1) x Vin 
(128/128—1) x Vin = 0 V, (Preset Value) 
(129/128-1) x Vin 


(254/1 28-1) X VIN 
(255/128—-1) x Vin © Vin 


-=-3-7-*00--7°700 


No Operation 

Shift One Bit In from SDI (Pin 20), 
Shift One Bit* Out from SDO (Pin 18) 
All DAC Registers = 80, 

Load Serial Register Data into 
DAC(X) Register 


“Data shifted into the SDI pin appears twelve clocks later at the SDO pin. 


Table 2. Control Logic Truth Table 


Comments (Viny = 3 V) 


Inverted FS 


Zero Output 


Full Scale (FS) 
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PERFORMANCE CHARACTERISTICS 


Vin = 100mVp-p ::: 
12 +----- eat 
All Bits Off : i ti 


1000 1E4 1E5 1E6 TET 


Frequency - Hz 


Graph 1. Gain (Voyt/Vin) and 
Feedthrough vs. Frequency 
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Digital Input Code - Decimal 


Graph 3. DAC Input Resistance vs. 
Digital Input Code 


-60 -40 = -20 0 20 40 60 80 100 120 140 


Temperature - C 


Graph 5. PSRR (DC) vs. Temperature 


Vin = 4Vp-p Pag 
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1000 1E4 1E5 1E6 1E7 
Frequency - Hz 


Graph 2. DAC Crosstalk 
vs. Frequency 


Ta=25C VDD=+5V VSS=-5V_ VINx = +3V: 


“---"-4-" DACs A,B,C, D, E, F,G,H SUPERIMPOSED ““7-77-7--- 


0 32 64 96 128 160 192 224 256 
Digital Input Code Width - Decimal 


Graph 4. Linearity Error vs. 
Digital Input Code 


0.005 3 
Vdd = 5V 
Vss = -5V | 
Delta = +/-5% 
0.003 2.99 
3 
= 0.001 2.98 — 
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Graph 6. Voyrt Full Scale vs. 
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Supply Current - mA 
uF 
wn 


sett 
5 5 
“60 40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140 
Temperature - C Temperature - C 
Graph 7. Supply Current (Ipp) Graph 8. Supply Current (Iss) 
vs. Temperature vs. Temperature 
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Vin = 3V 


Data = FFh 
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Graph 13. Voy7 Output Drive 
Capability 
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500 ns/Div 
Graph 15. 1 LSB Digital Step Change 
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Graph 17. 128kHz Sawtooth 
Waveform Response 


Vout Zero Scale - Volts 


VIN 
(2 V/Div) 


Digital Code= 


All ones 
VOUT 
(2 V/Div) 
1 us/Div 
Graph 14. Pulse Response 
LD 
(5 V/Div) 


Digital Code= 
255-0255 


Vout 
(2 V/Div) 


5 us/Div 
Graph 16. Settling Time 


Vout 
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1 us/Div 


Graph 18. Clock Feedthrough 


TOM 


MP7670 


Vout 
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Graph 19. Digital Crosstalk 
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Graph 21. Gain & Phase vs. Frequency 
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Graph 22. Digital Feedthrough 
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Quad Double-Buffered Multiplying 
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FEATURES BENEFITS 

« MPS Pioneered Segmented DAC Approach e Reduced Board Space; Lower System Cost. 

¢ Four Double-Buffered 12-bit DACs on a Single Chip e Independent Control of DACs 

¢ Independent Reference Inputs e Excellent DAC-to-DAC Matching and Tracking 


e Lowest Gain Error in a Multiple DAC Chip 
e Guaranteed Monotonic - All Grades, All Temperatures APPLICATIONS 


e TTL/5 V CMOS Compatible Inputs e Function Generators 

e Industry Standard Digital Interface e Automatic Test Equipment 

e Four Quadrant Multiplication e Precision Process Controls 

e Latch-Up Free e Recording Studio Control Boards 

GENERAL DESCRIPTION offers a low 2 LSB of gain error. 
Each DAC has double-buffering (an 8 and 4-bit latch and a 


The MP7680 and the _ integrate four 12-bit 12-bit latch) between the data bus (DB11 - DBO) and the DAC. 
four-quadrant-multiplying DACs with independent reference The internal 4-bit mux allows the use of 8 or 16-bit buses. The 
inputs and excellent matching characteristics. The MP7680 flexible latch control logic allows to update one or more DACs 
grades offer 1/2, 1 and 2 LSB of relative accuracy. The superior simultaneously. 


SIMPLIFIED BLOCK DIAGRAM 

DVpp AVpp 
RFBA 
louTIA 


lOUT2A 


VREFA 


Rres 
8-Bit Latch . louTiB 


4-Bit Latch louT2B 
VREFB 


R 
8-Bit Latch i eae 


4-Bit Latch louT2c 
VREFC 


RFep 
lOUT1D 


DB11 - DB4 
(MSB) 


louT2D 


DB3 - DBO VREFD 


(LSB) 


B1/B2 


A1 AO CS WR2 XFER WR2 DGND AGND 
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ORDERING INFORMATION 


er Mer ee 
Type Range Part No. (LSB) (LSB) (LSB) 


I+ 


ea 


I+ 


|+ 


PIN CONFIGURATIONS 


Al AO 
XFER B1/B2 
WR2 DVpp 
WRT AVpp 
cs DGND 
NC AGND 
VREFA VREFD 
Rega Regp See the following 
louT1A louT1D _ page for 
nies a pin descriptions 
louT2B louT2c 
louT1B louTiC 
Rees Rrec 
VREFB VREFC 
(MSB) DB11 DBO (LSB) 
DB10 DB1 
DB9 DB2 
DB8 DB3 
DB7 DB4 
DB6 DB5 
40 Pin PDIP, CDIP (0.600”) 44 Pin PQFP 
N40, D40 Q44 
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PIN OUT DEFINITIONS 


40 Pin PDIP, CDIP 44 Pin PQFP 


Juve) nae _ essen fine} nae f_sesenen _ 


DAC Address Bit 1 No Connection 
Transfer: Updates all DAC’s 

Write 2: Gates the XFER Function 
Write 1: Gates the DAC Selection 


Chip Select 


— 
_ 


VREFA Reference Input for DAC A 
Resa Feedback Resistor for DAC A 
loUTIA Current Output A 

lOUT2A Complement of Output A 

No Connection NC No Connection 
VREFA Reference Input for DAC A louT2B Complement of Output B 
Resa Feedback Resistor for DAC A louTiB Current Output B 


Rees Feedback Resistor for DAC B 


oO OD NO a fF WD PD 
oO OA N ODO a FF WO PD 


louTIA Current Output A 


— 
i) 


VREFB Reference Input for DAC B 


DB11 to | Input Data Bits 11 (MSB) to 6 
DB6 


— 
oO 


IOUT2A Complement of Output A 


—_ 
—s 


louT2B Complement of Output B 


— 
[>] os 
' 


_ 
NO 


louT1B Current Output B 
Regs Feedback Resistor for DAC B 


NC No Connection 


_ 

ow 
— 
N 


DB5- Input Data Bits 5 to 0 (LSB) 
DBO 


— 
BeN 
ine) 
[ee) 


VREFB Reference Input for DAC B 


DB11 to | Input Data Bits 11 (MSB) to 0 (LSB) 
DBO 


ind 
on 
| 
NO 
BSS 


VREFC Reference input for DAC C 
Resc Feedback Resistor for DAC C 


ye) 

oO 
nN 
o 


ine) 
N 


VREFC Reference input for DAC C 


pe) 
(o>) 


louTic Current Output C 


ne) 
oe) 


Resc Feedback Resistor for DAC C 


ine) 
NI 


louT2C Complement of Output C 


NO 
co 


louTic Current Output C - Hits , 
o Connection 


ié) 

io) 
ie) 
joe) 


louT2c Complement of Output C 


NO 
© 


louT2D Complement of Output D 


ie) 
aks 


louT2D Complement of Output D 


ie) 
fo) 


louTiD Current Output D 


ie) 
Nh 


louTip Current Output D 


ie) 
pare 


Resp Feedback Resistor for DAC D 


io) 
id) 


Resp Feedback Resistor for DAC D 


io) 
Ne) 


VREFD Reference input for DAC D 
AGND Analog Ground 
DGND Digital Ground 


Ww 
aN 


VREFD Reference input for DAC D 
AGND Analog Ground 
DGND Digital Ground 


QO WwW 
ao uo 
Oo WO W 
a -& W 


AVpp Analog Power Supply 


i¢®) 
N 


AVpp Analog Power Supply 


id) 
oO 


DVpp Digital Power Supply 
B1/B2 Select Input Format (8/4 or 12 bits in) 
DAC Address Bit 0 


1¢) 
© 


DVpp Digital Power Supply 


ie) 
NJ 


B1/B2 Select Input Format (8/4 or 12 bits in) 
AO DAC Address Bit 0 


GQ 

ce) 
ie) 
jee) 


aS 
oO 


No Connection 

DAC Address Bit 1 

Transfer: Updates all DAC’s 

Write 2: Gates the XFER Function 
Write 1: Gates the DAC Selection 
Chip Select 


- ff Lf LH LH W 
+ WO YO + CO O 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 5 V, Vrer = +10 V, louti = lout2 = DGND = AGND = 0 V Unless Otherwise Noted) 


io Tmin to Tmax 
or | Sympel | Le ee Max Test Conditions/Comments 


STATIC STATIC PERFORMANCE’ 
Resolution (All Grades) 


Integral Non-Linearity Best Fit Straight Line Spec. 
(Relative Accuracy) (Max INL — Min INL) / 2 

K 

J,S 


Differential Non-Linearity 
K 
Js 


Gain Error Using Internal Reg 
K 
J,s 


Gain Temperature Coefficient? “ AGain/ATemperature 


Power Supply Rejection Ratio + + [AGain/AVppl AVpp = + 5% 


Output Leakage Current + + lout1 Vin=0V 
lout2 Vin = Vop 


DYNAMIC PERFORMANCE2 R_=1009, Cey7=13pF 


Current Settling Time Full scale change to 1/2 LSB 
REFERENCE INPUT 


Input Resistance 
Voltage Input Range? 


DIGITAL INPUTS 


Input High Voltage 
Input Low Voltage ; : 
Input Current ~ + Vin =0 V and Vpp 
Input Capacitance? 
Data 
Control 


ANALOG OUTPUTS? 


Output Capacitance 
DAC all 1’s 


DAC all 0’s 
DAC all 1’s 
DAC all 0’s 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


| 25°C Tmin to Tmax 
Parameter Symbol} Min Typ Max Min Max Test Conditions/Comments 


POWER SUPPLY* 


Functional Voltage Range 
Supply Current 2 Digital inputs = Vj, or Vip 
Digital inputs = 0 or 5 V 


TIMING CHARACTERISTICS? 3 


Write Pulse Width 

Chip Select Set-Up Time 

Address Set-Up Time 

Chip Select and Address Hold Time 
Latch Select Set-Up Time 

Latch Select Hold Time 

Data Valid Set-Up Time 

Data Valid Hold Time 

Transfer Pulse Width 

Write Cycle (per DAC) 


NOTES: 

1 Full Scale Range (FSR) is 10V for unipolar mode. 

2 Guaranteed but not production tested. 

3 See timing diagram (Figure 1.). 

4 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. DC voltage differences will 
cause undesirable internal currents. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Vou(t@AGND cssvncdsoudennstegerredorers —0.5 to+7V Any Vacs tO AGND 625 <c sascenesvaccccssrteurees +25 V 
=o : sorte a So aagee ne — pee ¥ Storage Temperature ..............0-. ~65°C to +150°C 
igital Input Voltage to dit —0.5 to Vpp +0. . 
Anwileurs, loye'ta AGN sas «: GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 

Any Veer lO AGND .o..2ancts ect rneedsamanenenes +25 V Package Power Dissipation Rating to 75°C 

AGND to DGND 6. ccccsiuasaveawanswsrennwene snes +1V CDIP, PDIP, POQFP .......-....2 2s sees eee. 800mW 
(Functionality Guaranteed +0.5 V) Defaies ab0Ve 7S°C ... cece ccciaweseauuws 11mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 
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Ao, Ay VALID The timing of Figure 1. reproduces graphically the 
— is —> 7 conditions that all control signals must meet in any 
— of the many possible writing cycles (see Theory of 
B1/B2 ae ee Operation). 
tDH 
DATA VALID |) 
twe 
XFER 
WR2 
Figure 1. Write Cycle Timing (Each DAC) 
LLL LL LL a ae ae ee ee ae ee ae ee ee ee ee ee ee ae ee ee ae ae ae 
| INPUT LATCHES DAC LATCHES 7 
i 3 LA11 - LAO DA11 - DAO " 
: 8 Y Fre 
MEE) Lyd Bi QL ~ -—d fom 
(MSB) Pye van 7 r7_ > vac 
@ 
! oB11- Peer are louT2A 
DB8 — D B2 ait Ov 
DB3-DB0 s——————_ — 
(LSB) DB11 - DBO A. ie 
{2 YY «AFB 
! ~ loutiB 
i _/ DAC 
| Q lout2s 
| Y VReEFB 
DC11 - DCO oe 
12 sia 
T7_» vac y ne 
l Q loutac 
| VREFC 
r DD11 - DDO A 
12 x fies 
= OUT1D 
B1/B2 LY one Y Io 
UT2D 
OQ VREFD 
A1 (MSB) | 
AO (LSB) Transfer i 
CS | 
WRi ¢ : 
| eT es a 
XFER WR2 


Figure 2. Latches Control Logic 
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THEORY OF OPERATION 


Digital Interface 


Figure 2. shows the internal control logic. The logic that con- 


trols the writing of the input latches and the one that controls the B1/B2 on , - = eo ! 

DAC latches are completely separated. It is easy to understand DATA — ss 
how the MP7680/80A works by understanding each basic op- 

eration. WRi1 TT Tr 


Writing to Input Latches Figure 3a. 12 Bit Write Cycle 


By keeping B1/B2 = high, a 12-bit bus has direct access to the 
12 bits of the input latches. The condition CS = WR7 = 0 loads 
the values contained in the data bus DB11-DB0 into the input 
latch addresses by Aj, Ag (Figure 3a, Table 1.). 


SELECTED 
a 


0 WR1 | | | 

0 : 

1 C 

1 D Figure 3b. 8-Bit Double Write Cycle 
Table 1. DAC Selection Figure 3. Write Cycles to Input Latches 


An 8-bit bus must use two cycles. The second cycle is like 
the first one with the difference that B1/B2 = low (Figure 3b). 


During the second cycle the condition B1/B2 = low muxes === | [— 
DB11-DB8 to the B2 latches (Figure 2.). i ) | | = | 7 = | 
Two important notes: wre | \_/ | ( 7 | / | 
| | or | or | | 
1) Timing diagrams show the inputs CS, Aj, Ao,  DAtt-0 | \ | | ) | 2s oe a 
DB11-DBO to be stable during the entire writing cycle. 
In reality all the above signals can change (Figure 3a) lout oe i |™ | i | 


as long as they meet the timing conditions specified in 
the Electrical Characteristic Table. 


2) Only 16-bit bus cycles are shown in the next few exam- Figure 4. Transfer Cycles from 


ples of interface timing. It is possible to generate an Input Latches to DAC Latches 
8-bit interface timing by replacing a single 12-bit write 
cycle (Figure 3a) with a double 8-bit write cycles (Figure 
3b). 8-bit applications should ground inputs DB3-DBO. 
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Transferring Data to the DAC Latches 


ff 


Once one or all of the input latches have been loaded, the _— 


condition XFER = WR2= low transfers the content of ALL the in- os 
put latches in the DAC latches. The output of the DAC latches Ay, Ao 
(DA11-DA0O) changes and the DAC current (Ioyt) will reach a 
new stable value within the settling time ts (Figure 4.). DATA 
Examples of DACs updating sequences: 
1) Simultaneous updates of any number of DACs. The we 
system uses from one (two) to four (eight) cycles to Who = XFER 
write from a 12 (8) bit bus into B1/B2 latches. One trans- 7 
fer cycle updates the output of all DACs (Figure 5.) louT1B 
2) Individual DAC update. The condition WR2 = XFER = — 


low makes the DAC latches transparent. A writing to the 
B1/B2 latches updates the DAC outputs (Figure 6.). 


3) Automatic transfer to DAC latches. An 8-bit bus can up- 
date any DAC with two cycles by connecting WR1 = 
WR2 and B1/B2= XFER. This is the correct individual 
DAC update for 8-bit busses (Figure 7.). 


4) Transferby asecond device. A processor may load the 
input latches while the final XFER pulse is left to another 
device. 


Figure 6. Individual DAC Update 


Se oS 
Ao, Ay CaO Ca ee aS IKK Ay, Ag = XXXXKY 
pata ~\Cvala {vara {vara {valid JXXXXX 81/82 and i, a , Ce a 


wRi | LS TT UF Tf UP 7 Ul | WR1 and WR2 


XFER=WR2 : i a a a we oe laure ) | | | 
louT1A, B,C, D | | 
lt — a 


Figure 5. Simultaneous Updates of DACs Figure 7. Automatic Transfer to DAC Latches 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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DAC D ens 0 VouTD 
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Figure 8. Digitally Programmable Quad Voltage Output +10 V, +5 V 
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Left DAC A 9 VouTA 
Left Channel a PX paca Bae 33k a 
le la Output y, 7 
nput (+10 V MAX) 5 +5V Lt ae Vv 
+ e 
10k |< DaAcB 2 Vouta 
i 1X Ff 33k 
10k = 10k Vv 
+ MP5010 | % DACC > ee 
Right CF 33 
5 ae nein! : 10k 
Input cab MAX) f| 
= | & DAC D v VoutTp 
33h 
Matched Pairs: V 
10k Vv 
RFB, to RA 
RFBp to RD 
Figure 9. “Clickless” Audio Attenuator/Amplifier Figure 10. Quad DAC for Single +5 V Supply 
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e 8 Independent 4-Quadrant Multiplying 8-Bit DACs 
e High Speed: 

- Settling Time: 3.5 ps to +1 LSB 

— Slew Rate: 4 V/us 

— Voltage Reference Input Bandwidth: 

2.5 MHz (Vin = 100 mV p-p) 

e Low Power: 80 mW (typ) 
DACs Matched to +0.5% (typ) 
Midscale Preset, All DAC Outputs are Zero Volts 
e Latch-Up Free 
e Greater than 2000 V ESD Protection 
e 5 MHz Version: MP7670 


FEATURES 


GENERAL DESCRIPTION 


The MP8840 is an 8-channel, 4 quadrant multiplying, 8-bit 
accurate digital-to-analog converter with a 2.5 MHz input band- 
width. It includes an output drive amplifier per channel capable 
of drivinga+5 mA minimum to aload. DNL of +1/4LSB (typ) is 
achieved with a channel-to-channel matching of better than 
0.5% (typ). Stability, matching, and precision of the DACs are 
achieved by using EXAR’s thin film technology. 


The MP8840 is ideal for direct gain control of high frequency 
analog signals. The bipolar output amplifier has low noise which 


ORDERING INFORMATION 


Vivi0f ff 


Package Temperature 
Type Range 
LAE AAD LLL, ALAS OL LTDA 
Plastic Dip —40 to +85°C 

SOIC —40 to +85°C MP8840AS 


MP8840 


8-Channel, Voltage Output, 
2 MHz, 4 Quadrant 

Multiplying, 8-Bit DAC with 

Serial Digital Data Port 


e Analog Multiplier Replacement 

e High-Frequency Gain Control using DACs 

e Convergence Adjustment for Displays and 
Monitors 

e Potentiometer Adjustment Replacement 


produces a very sharp signal output particularly in display and 
monitor applications.. 

A proprietary subranging architecture provides wide signal 
bandwidth from Vy to output up to 2.5 MHz (typ), fast output set- 
tling time, and Vij feedthrough isolation of —60dB (typ). 

The MP8840 has a serial data 3-wire standard u-processor 
logic interface to reduce pin count, package size, and board wire 
(space). 

The MP8840 is fabricated on a junction isolated, high speed 
BiCMOS1'™ process with thin film resistors. 


Part No. 


MP8840AN 
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SIMPLIFIED BLOCK DIAGRAM 
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PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


Vout VoutD Vout 1 VoutD 
VoutB VinC VouTB 2 VinC 
VouTA VinD VouTA VinD 
VinB Vpp VinB 4 Vop 
VinA SDI VinA 5 SDI 
GND Vss GND Vss 
PR SDO PR 7 SDO 
VinE CLK VinE 8 CLK 
VinF LD VinF 9 LD 
VoutE VinH VouTtE 10 VinH 
VoutF VinG VouTtF VinG 
VoutG VoutH VoutG VouTH 


24 Pin PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300”) 
NN24 S24 


PIN OUT DEFINITIONS 


_PINNO. | NAME _| DESCRIPTION 


DAC C Output 


_PINNO.| NAME _ DESCRIPTION 


DAC H Output 


ON Oa FP WON = 


DAC B Output 

DAC A Output 

DAC B Reference Input 
DAC A Reference Input 
Ground 

Preset Input, Active Low 
DAC E Reference Input 
DAC F Reference Input 
DAC E Output 

DAC F Output 

DAC G Output 


DAC G Reference Input 
DAC H Reference Input 


Load DAC Register Strobe, 
Active High Input 


Serial Clock Input 
Serial Data Output 
Negative Power Supply 
Serial Data Input 
Positive Power Supply 
DAC D Reference Input 
DAC C Reference Input 
DAC D Output 
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ELECTRICAL CHARACTERISTICS TABLE FOR DUAL SUPPLIES 
Unless Otherwise Noted: Vpp = 5 V, Vss = —5 V, GND = 0 V, VjnX =3 V 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


DC CHARACTERISTICS 


Resolution (All Grades) 
Differential Non-Linearity 
Integral Non-Linearity 
Monotonicity 


DAC OUTPUT 


Output Offset 
Voltage Range 
Output Current 
Capacitive Load 


REFERENCE INPUTS 


Input Resistance of one DAC 


Input Capacitance? 
Voltage Range! 


DYNAMIC 
CHARACTERISTICS2 


Input to Output Bandwidth 
Slew Rate 


Vin Feedthrough 
Total Harmonic Distortion 


Spot Noise Voltage 
Output Settling Time 
Channel-to-Channel Crosstalk 


Digital Feedthrough 


DIGITAL INPUTS 


Logic High? 

Logic Low? 

Input Current 

Input Capacitance? 


DIGITAL OUTPUTS 


Logic High 
Logic Low 


POWER SUPPLIES 


+1/4 + 
+ 
Guaranteed 


PR = 0, Sets Code = 80, 


AVoutT <1 LSB 
No oscillations 


Rin (typ) = 15KQ//Rx 
Rx = 20KQ/(1-Code/256) 


Code = FS, ViyX = 100 mV p-p 
Measured 10% to 90%, 
AVoutTX = +6 V 

Code = HS, up to f = 100 kHz 
VinX = 4 V p-p, Code = FS 

f = 1 kHz, fip = 80 kHz 

f= 1 kHz 

+1 LSB, Code =0to FS 
Measured between adjacent 
channels, f = 100 kHz 

VinX = 0 V, Code = 0 to FS 


lon = -0.4 mA 
lo =1.6mA 


Power Supply Range : 55 
—4.5 
Power Supply Rejection Ratio 
Positive 0.0002 0.01 PR=0V, AVpp = +5% 
Negative 0.0002 0.01 PR=0V, AVgg = +5% 
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ELECTRICAL CHARACTERISTICS TABLE 


25°C Tmin to Tmax 
Description Symbol Min Typ Max Min Max Conditions 


POWER SUPPLIES (CONT’D) 


Power Dissipation 
Power Supply Current 
Negative Supply Current 


DIGITAL TIMING 
SPECIFICATIONS? 4 
Input Clock Pulse Width tc, toi 
Data Setup Time tps 
Data Hold Time toH 
CLK to SDO Propagation Delay tpp 
Load Pulse Width tLp 
Preset Pulse Width tpr 
Clock Edge to Load tCKLD 
Load Edge to Next Clk Edge tLocK 
NOTES 
1 Maximum input voltage is 2 V less than Vpp. 
2 Guaranteed but not production tested. 
3 Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
4 


See timing diagram. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Wop tOGND coccccccnecscnstecsuseresvencswans +6.5 V Maximum Junction Temperature ........ —65°C to +150°C 
he to ain OE Sr RAS ak a eee re NaS eaee a ey V Storage Temperature ............. 000 cece cece 150°C 
INA-H TO GINDD 2. ccc cee eee eee c ence nee Dp tO Vss ; 5 
VoutacHtoGND ........00ceeceeeeeeeeeees Vion to Vee Lead Lice iach fepeeang _ seconds) ....... +300°C 

Digital Input & Output Voltage to GND . —0.5 to Vpp +0.5 V Package Power Dissipation Rating @ 75°C 

‘Operating Temperature Range POI, GONG scenasdvaneteeusncevonmekecns 1000mW 
Extended Industrial ................... —40°C to +85°C Derates above 75°C ...............0 cece 14mW/°C 

NOTES: 

1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 


transients outside the supplies of less than 100mA for less than 100,s. 
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THEORY OF OPERATION 


The MP8840 contains 8 independent 4-quadrant multiplying 
D/A converters with output amplifiers. The design has incorpo- 
rated a novel approach that provides fast, accurate, low noise, 
low distortion, small size, and low power in the same device. 
This device is particularly useful in applications where multipli- 
ers are used to perform the gain adjustment function for high fre- 
quency analog signal conditioning. Also note that typical multi- 
pliers tend to increase noise particularly for low gain settings and 
have high offsets. The MP8840 design delivers a very low, 
constant noise, and low offset with digital control through the en- 
tire gain range of the D/A converter. 


Linearity Characteristics 


Each D/A converter in the MP8840 achieves DNL < =£0.25 
LSB (typ), and gain error << +0.5% (typ). Since all 8 channels of 
MP8840 are fabricated in the same IC, the linearity, gain, and 
input-output characteristics of all 8 channels match extremely 
well. 


The Logic Interface and Serial Port 


The MP8840 is equipped with a serial data 3-wire standard 
u-processor logic interface to reduce pin count, package size, 
and board wire. This interface consists of LD which controls the 
transfer of data to the selected DAC channels that are fed 


we” EXAR 


P ees SERRE EE ae: fe ed oe Yd es 
through the SDI (serial digital data and address bits) with the 
CLK (digital input shift register clock ). Please refer to the follow- 
ing timing diagrams and truth tables for logic details. 


A SDO (serial digital data output driver) is connected to the 
other side of the input shift register and would save SDI bus 
space by allowing the daisy chaining of several MP8840s (con- 
necting SDI of device 2 to SDO of device 1). 


When the LD signal is low, CLK signal loads the digital input 
bits (SDI) into the 12-bit shift register. The LD signal going high 
loads this data into the selected DACs. Also, when the PR signal 
is low, the output of all DACs would be reset to 0 volts. 


Power Supplies and Input Voltage Ranges 


The output and input DC ranges are limited to within +2 V 
from each positive and negative supplies. For example, with 
supplies at -E5V, the recommended output range is +3V. 


The MP8840 design eliminates any code dependent current 
change into its GND, hence easing the board level design by 
eliminating the stringent need for other types of DACs for low 
GND impedance wiring considerations at board level. 


Each output of the MP8840 DAC has an output amplifier driv- 
er delivering less than 0.05Q of output impedance through a 
push-pull linear output stage. Each output and input characteris- 
tics parameter match extremely well, given that all channels are 
fabricated in the same IC. 


4% EXAR 


SDI 1 
Daten) y LX BEX AEX ATX AO X_B7 KBE X DKA XS X_—B2K DI XO) 
Tee AO AO AO AO A A Ae Oe Oe Oe Oe 


DAC Register Load 


Figure 1. Serial Data Timing and Loading 


=. GT Ge 
eta 


0 
tos toH 
SDO 1 
(Data Out) o es > Ce 
{ ICH <= tpp 
CLK 0 | | 
to tLpck 
LD 1 
0 
ts 
VouT ety N | +1LSB 
+ 1LSB ERROR BAND 


7 ae 2 


Figure 2. Detail Serial Data Input Timing (PR = “1”) 


PR tpR 
ts 
+3 V 
VOUT oy +1LSB 
+ 1 LSB ERROR BAND 


7 —T 


Figure 3. PRESET Operation 
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LAST FIRST 


soo] oi] we] 03] oe] ve] on] nssor] emo] [ [wen 


MSB LSB 


No Operation 
DAC A 
DAC B 
DAC C 
DAC D 
DACE 
DAC F 
DAC G 
DAC H 
No Operation 


Data 


Address 
oo-+_=+- + Oodnnao 


— = O OODOGDODO000 
oo-+-"0O0-+ +" OD @ 
Pe > ee a cx om fe os | 


No Operation 


— 
—_ 


MSB LSB 
DAC Output Voltage 
[>[=[=[=[=]=]=] = et, 


~VIN 
(1/128-1) X VIN 


(127/128—-1) x Vin 
(128/128—1) x Vin = 0 V, (Preset Value) 
(129/128-1) x Vin 


(254/14 28-1) X VIN 
(255/128-1) x Vin © Vin 


—_~ a Fr “OO HS 770 O 


Table 1. Serial Input Format 


SEE SER Input Shift Register Operation 


No Operation 
Shift One Bit In from SDI (Pin 20), 
Shift One Bit* Out from SDO (Pin 18) 
All DAC Registers = 80, 

Load Serial Register Data into 
DAC(X) Register 


*Data shifted into the SDI pin appears twelve clocks later at the SDO pin. 


Table 2. Control Logic Truth Table 


Decimal Input (D) Vout (D) Comments (Vix = 3 V) 


Inverted FS 


Zero Output 


Full Scale (FS) 


Table 3. DAC Transfer Function 
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PERFORMANCE CHARACTERISTICS 


Vin = 100mVp-p i: 


All Bits Off i}! 


1000 1E4 1E5 1E6 1E7 
Frequency - Hz 


Graph 1. Gain (Voyt/Vin) and 
Feedthrough vs. Frequency 


Rin(typ.) = [15K] // [20K/(1-Code/256)] 


Rin - KOhms 


0 32 64 96 128 160 192 224 256 
Digital Input Code - Decimal 


Graph 3. DAC Input Resistance vs. 
Digital Input Code 


0.005 
Vdd = 5V 


Vss =-5V 
Delta = +/-5% 


0.003 
0.001 


-0.001 


PSRR - %/% 


-60 -40  -20 0 20 40 60 80 100 120 140 
Temperature - C 


Graph 5. PSRR (DC) vs. Temperature 
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Linearity Error - LSBs 


Vin = 4Vp-p 
IINPUT DAC C 
OUTPUT DAC D 


1000 1E4 1E5 1E6 
Frequency - Hz 


0.5 


o 
N 
oH 
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1E7 


Graph 2. DAC Crosstalk 


vs. Frequency 
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See ee ee fee See ee 


Ta=25C VDD=+5V VSS=-5V VINx= +3V : 


"7-4" DACs A,B,C, D,E,F,G,H SUPERIMPOSED ~777--7--7 


Seewecescedeccesccces 


— 


0 32 64 96 128 160 192 224 256 


Digital Input Code Width - Decimal 


Graph 4. Linearity Error vs. 


Digital Input Code 


-60 -40 -20 0 20 40 60 80 
Temperature - C 


Graph 6. Voyrt Full Scale vs. 
Temperature 


TOM 


MP8840 


10 


| Vdd = 5V 
9.5 + Vss = -5V 
Vinh = 2.4V 


Vss = -5V 
Vinh = 2.4V 


© 


¢ 8.5 < 
' 8 by 
5 = 
ro) o 
£75 = 
6 6 
27 z 
Bes a 
6 
5.5 
5 
-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 = -20 0 20 40 60 80 100 120 140 
Temperature - C Temperature - C 
Graph 7. Supply Current (Ipp) Graph 8. Supply Current (Iss) 
vs. Temperature vs. Temperature 


Vin = +3V 
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Frequency - Hz 


Graph 9. Voyr Offset Error Graph 10. Voltage Noise Density vs. 
vs. Temperature Frequency 
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‘al Code= 
All ones 


Vout 
(2 V/Div) 


LD 
(5 V/Div) 


al Code= 
303255 


Vout 
(2 V/Div) 


5 us/Div 


Graph 13. Settling Time 


VouT 
) mV/Div) 


1 us/Div 


Graph 15. Clock Feedthrough 
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Vout 
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Vout 
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Vout 
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500 ns/Div 


Graph 12. 1 LSB Digital Step Change 


50 ns/Div 


oes ‘ : 
2 us/Div 


Response 


Graph 16. Digital Crosstalk 
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Graph 14. 128kHz Sawtooth Waveform 
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Graph 17. PSRR vs. Frequency Graph 18. Gain and Phase vs. 
Frequency 
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Graph 19. Digital Feedthrough 
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Low Voltage Converters 


Listed Aloha-Numerically 


Bold Print — New Product 
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MP87L95 Low Voltage CMOS Very Low Power 10-Bit Analog-to-Digital Converter .......... 5-101 
MP87L98 Low Voltage CMOS Very Low Power 10-Bit, Analog-to-Digital Converter with 

Se eh re ee er ee ere er ee 5-113 
MP87L99 Low Voltage CMOS Very Low Power 10-Bit, Analog-to-Digital Converter with 
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Low Voltage Converter Overview 


Low Voltage 3.3 V Digital-to-Analog Converters 
(3.0 to 3.6 V Operation, Tested at 3.0 V. For Performance at 2.7 V, Contact Local Sales Representative) 


MP75L24 3.0 to 3.6 V PDIP, Ts PDIP, SOIC. 
MP75L43 3.0 to 3.6 V PDIP, SOIC 
MP75L45 3.0 to 3.6 V PDIP, SOIC, SSOP 
Definitions 
| = Current Output 


M 4Q = Four Quadrant Multiplying 


Low Voltage 3.3 V Analog-to-Digital Converters 
(3.0 to 3.6 V Operation, Tested at 3.0 V. For Performance at 2.7 V, Contact Local Sales Representative) 


MP87L82 2 MSPS 1 Y POEP 
MP87L84 10 2 MSPS 50 1 Y 10 PDIP, SOIC 
MP87L95 10 0.25 MSPS 10 1 Y 10 PDIP, SOIC 
MP87L98 10 0.25 MSPS 10 4 ¥ 10 PDIP, SOIC, SSOP 
MP87L99 10 0.25 MSPS 10 8 ¥ 10 PQFP 
MP76L90 8 5 MSPS 45 1 Y 8 PDIP, SOIC 
MP87L75 8 10 MSPS 35 1 Y 8 PDIP, SOIC, SSOP 
MP87L85 8 10 MSPS 35 1 7 8 PDIP, SOIC 
MP87L76 8 10 MSPS 35 1 id 8 PDIP, SOIC, SSOP 
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Low Voltage Products 


A/D Converters [| 


MP76L90 MP87L85 
MP87L75 
MP87L76 
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MP87L95 MP87L82 MP87L91 
MP87L98 MP87L84 MP87L92 
MP87L99 


D/A Converters 


MP75L45 


*Preliminary 
Bold: New Product 


MP75L24 
Low Voltage CMOS Serial Input 12-Bit Digital-to-Analog Converter 


e 3.3 V Operation 

e 12-Bit DAC with Serial Digital Input Interface 
e Full 4-Quadrant Multiplication 

e Latch-Up Free 

e Asynchronous CLEAR Input 

e Serial Load On Positive or Negative Strobes 
e Small Size and Low Cost 


MP75L43 
Low Voltage CMOS Serial Input 12-Bit Digital-to-Analog Converter 


e 3.3 V Operation 

e 12-Bit DAC with Serial Digital Input Interface 
e Full 4-Quadrant Multiplication 

e Latch-Up Free 

e Asynchronous CLEAR Input 

e Serial Load On Positive or Negative Strobes 
e Small Size and Low Cost 


MP87L76 
CMOS 15 MSPS, 8-Bit High Speed, Low Power Analog-to-Digital Converter with Power Down 


e 3.3 V Operation 

e 8-Bit Resolution 

e Sampling Rate to 15 MHz 

e Low Power: 35 mW typ. (excluding reference) 
e Power Down Mode: 100uA (typ) 

e DNL = +1/4LSB, INL = +1/2 LSB (typ) 

e Rail-to-Rail Input Range 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 

e 3 State Digital Outputs 


MP87L92 
12-Bit, 500 kHz Analog-to-Digital Converter 


e 3.3 V Operation 

e 12-Bit Resolution 

e Sampling Rate to 0.75 MHz 

e Low Power: 25 mW (typ.) 

e Rail-to-rail Input Range 

e Latch-Up Free 

e ESD Protection: 2000 V Minimum 
e Serial Interface 
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FEATURES 


e 3.3 V Operation 
¢ lout Pin Voltages are User Definable 
e Improved Isolation of Analog from Digital Ground 
e Full Four-Quadrant Multiplication 
e On-chip Bus Interface Logic 
e Low Power Consumption 
e Monotonicity Guaranteed 
(Full Temperature Range) 
e Use in Unipolar Supplies 
e Extremely Low Power CMOS 


GENERAL DESCRIPTION 

The MP75L24 is a low cost, 8-bit CMOS Digital-to-Analog 
Converter designed for direct interface to most microproces- 
sors. 

The MP75L24 is pin-to-pin compatible to the MP7524A. In 
addition, the Ioyt1, 2 pins may be taken to a non-ground voltage. 
This allows its use in single supply circuits. 

Basically an 8-bit DAC with input latches, the MP75L24’s load 
cycle is similar to the “write” cycle of a random access memory. 


SIMPLIFIED BLOCK DIAGRAM 


2 to 3 Decoder 
nae 


Switch Drivers & Switches 


Bus Interface Logic 


MP75L24 


Low Voltage CMOS 
Buffered Multiplying 8-Bit 
Digital-to-Analog Converter 


APPLICATIONS 


e Microprocessor Controlled Gain Circuits 

e Microprocessor Controlled Attenuator Circuits 
e Microprocessor Controlled Function Generation 
e Precision AGC Circuits 

e Bus Structured Instruments 

e Disk Drives 


Using an advanced thin-film on CMOS fabrication process, the 
MP75L24 provides accuracy to 1 LSB with power dissipation of 
only 0.3 mW. 


Featuring operation from +3.0 V to +3.6 V, the MP75L24 inter- 
faces directly to most microprocessor buses or output ports. Ex- 
cellent multiplying characteristics (2- or 4-quadrant) make the 
MP75L24 an ideal choice for many microprocessor controlled 
gain setting and signal control applications. 
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louT1 


louT2 


GND 


LSB 


3 Segment D/A Converter with Termination to GND 
Logical “1” at Digital Input Steers Current to lOUT1 


TOM 


MP75L24 | 
Ce ll Eee 


ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
Type ee (LSB) (LSB) (LSB) 
[Past dip | —40t0+05°C | wpvsuzaan [| a1 | et 
[soc | ates | wprsizaan [ay | tt 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


louT1 Ree louTt Rre 

lout2 VREF lout2 ‘ VREF 

GND a GND 3 Wess 
(MSB) DB7 WR (MSB) DB7 . WR 

DB6 CS DB6 5 cS 

DB5 DBO (LSB) DB5 6 DBO (LSB) 

DB4 DB1 DB4 7 DB1 

DB3 DB2 DB3 B DB2 

16 Pin PDIP (0.300”) 16 Pin SOIC (Jedec, 0.150”) 
N16 SN16 


PIN OUT DEFINITIONS 


DESCRIPTION 


Current Output 1 Data Input Bit 2 
Current Output 2 Data Input Bit 1 
Ground Data Input Bit 0 (LSB) 
Data Input Bit 7 (MSB) Chip Select 

Data Input Bit 6 Write 

Data Input Bit 5 Power Supply 

Data Input Bit 4 Reference Input 


Data Input Bit 3 Feedback Resistance 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 3.3 V, Veer = +3 V unless otherwise noted) 


Parameter 


STATIC PERFORMANCE! 
Resolution (All Grades) 


Integral Non-Linearity 
(Relative Accuracy) 
A 


Differential Non-Linearity 
A 


Gain Error 
Power Supply Rejection Ratio 


Output Leakage Current 

DYNAMIC PERFORMANCE 

Current Settling Time 

AC Feedthrough at Ioyt12 
at lout2 

REFERENCE INPUT 

Input Resistance 

DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “0” Voltage 
Input Leakage Current 
Input Capacitance? 


ANALOG OUTPUTS2 


Output Capacitance 


POWER SUPPLY® 


Functional Voltage Range 
Supply Current 


Test Conditions/Comments 


FSR = Full Scale Range 


End Point Linearity 


All grades monotonic over full 
temperature range. 


Using Internal Reg 
Digital Inputs = Vinny 


[AGain/AVppl AVpp = + 10% 
Digital Inputs = Viny 


Digital Inputs = Vin 
RL = 100Q, C_ = 10pF 


Full Scale Change to 1/2 LSB 
VreF=100KHz, 20 Vp-p, 
sinewave 
DBO-DB7 =0 V, CS =WR=O0V 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V or all =Vpp 
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ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C 
Symbol Min Typ Max Test Conditions/Comments 


= — 


CHARACTERISTICS2: 4 
louT2 =0 V 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


VOLTAGE MODE OPERATION2: 6 


Integral Nonlinearity Error @ Vref 


NOTES: 


Full Scale Range (FSR) is 3 V for unipolar mode and +3 V for bipolar. 

Guaranteed but not production tested . 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

Refer to Figure 7. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2 


Wer OGD 6 sane she hats ae pA RASS We —0.5, +5 V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND —-0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
loUTh QUTeTOGND .1cccseeeeencensnasev es 0.5 to5 V Package Power Dissipation Rating to 75°C 

Caer TONEY. «05 oi0056 004 cue ene neces ow eeabes +25 V POM Se etstucunkeas Vnbeneneuwegus ees: 700mW 
Veer tO GM) o.cccivannenewsdeusneus vane snneeeks +25 V Derates above 75°C ...............00005. 10mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. 
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APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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louT1 
MP75L24 


louTt2 
GND 
® 


Figure 1. Single Supply Operation 
with 1.2 V to 2.4 V Swing 


The R-2R ladder termination resistor on the MP75L24 is in- 
ternally connected to loyt2. This configuration allows the use of 
the DAC in the single supply current steering mode, where Igyt2 
is biased above ground level. 


Figure 2. shows the generalized configuration. 


Vop 


VIN 
C) 


Digital 
In 


VreF Vpp Arp 


louT1 Vout 
® 


MP75L24 


louT2 
GND 


Figure 2. Single Supply Operation 
in Current Switching Mode 


The advantage of this single supply configuration over the 
voltage switching mode is the greater flexibility with which the 


MP75L24 


output voltage swing can be defined. A low impedance refer- 
ence bias voltage is needed. Unlike the voltage switching mode 
which has a minimum output voltage of OV, the current steering 
mode allows for output swings that do not have to approach the 
rail voltages. The equation for this configuration is: 


D 
Vour = 356 (Vers — Vin) + Veias 


where D=decimal equivalent of the DAC digital input code 
Veias is a voltage reference: 0 V < Vaginas < 1.2V for best 
linearity. 
Vin IS a bipolar input voltage 
By choosing the proper Vpjas and Vjn, the output voltage can 
be set in the range between Vpias and 2Vpjas — Vin. For exam- 


ple, for Vpp = 3.3, select Vix = 0 V and Vpjas = 1.2 V. This will 
result in a swing of 1.2 V to 2.4 V. 


Address Bus 


MP75L24 


CS 
OUT1 
R 
D 


WR louT2 
BO-DB7 


Address/Data Bus 


Microcontroller Interface 


Figure 3. 
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INTERFACE LOGIC INFORMATION 


Mode Selection 


MP75L24 mode selection is controlled by the CS and WR in- 
puts. 


Write Mode 


When CS and WR are both LOW, the MP75L24 is in the 
WRITE mode, and the MP75L24 analog circuit responds to data 
activity at the DBO-DB7 data bus inputs. In this mode, the 
MP75L24 acts like a non-latched input D/A converter. 


Hold Mode 


When either CS or WR is HIGH, the MP75L24 is in the HOLD 
mode. The MP75L24 analog output holds the value corre- 
sponding to the last digital input present at DBO-DB7 prior to WR 
or CS assuming the high state. 


Gee escemdsinddiakie | responds to data bus 
(DBO-DB7) inputs 


Data Bus (DBO-DB7) is 


locked out 


DAC holds last data present 
when WR assumed HIGH 
state 


L = LOW state, H = HIGH state, X = Don’t care state 


Table 1. Mode Selection Table 


tps | tpH<— 


Vpp 
DATAIN VIH DATA IN 
(DBO-DB7) Vit STABLE ; 


Figure 4. Write Cycle Timing Diagram 


MICROPROCESSOR INTERFACE 


MP75L24/8080A Interface 


Figure 5. shows the MP75L24 used in the MCS-80 
microcomputer system as a Memory Mapped Output Device. 
The basic CPU group consists of the 8080A CPU, 8224 clock 
generator and 8228 system controller/bus driver. The MP75L24 
WR input is connected to the 8228 system data bus outputs. 
The CS input is connected to the system address decoding 
logic. Note that pull-up resistors R3 and R4 are required to 
ensure that the CS and WR input HIGH states reach 3.0V min. 
Pull-ups are not required on the system data bus since the 8228 
VOH is 3.6 V min for DBO-DB7. 


System timing is shown in Figure 6. Data is loaded into the 
MP75L24 when the WR and CS inputs are both LOW. The data 
is latched into the MP75L24 when WR returns HIGH. MP75L24 
updating is accomplished by using any of the 8080A memory 
write instructions. 


The MP75L24 can also be addressed and loaded as an iso- 
lated Output Device by connecting the MP75L24 WR input to 
the 8228 I/O W terminal (instead of MEMW). 


MP75L24 


Decoded MEMW 
System Data Bus Device 
Address +3.3 V 


MP75L24 


(Gain Adj.) 


Analog 
Input 


Figure 5. MP75L24/8080A Interface 
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Address Bus 
(A15 — AO) ( dines ) > Device Address Valid 
System Data Bus From 
(DB7 — DBO) 8228 System Data Bus Valid Update 
- MP75L24 
wen ( Gn ) ———¢_ not peas ached 
8228 Data Bus Latched (Into MP75L24) 


GS Decoded 
( Device Device (MP75L24) Selected Device Not Selected 


Address 


MP75L24 Output Level 
Analog Output 


Previous Analog New Analog Output Level 
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Figure 6. Timing Diagram 
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Figure 7. Voltage Mode Operation 
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Relative Accuracy (LSB) 
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Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 
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FEATURES 


e 3.3 V Operation 

e 12-Bit DAC with Serial Digital Input Interface 
e Full 4-Quadrant Multiplication 

e Latch-Up Free 

e Asynchronous CLEAR Input 

e Serial Load On Positive or Negative Strobes 
e Small Size 

e Low Cost 


GENERAL DESCRIPTION 


The MP75L43 is a precision, 12-bit CMOS 4-quadrant multi- 
plying Digital-to-Analog Converter designed for serial interface 
applications. 

The MP75L43 consists of two 12-bit registers, control logic 
and a 12-bit multiplying Digital-to-Analog Converter. The input 
register (register A) is a 12-bit serial-in parallel-out shift register. 
Serial data at the SRI pin is clocked into Register A on the lead- 
ing or trailing edge (user selected) of the strobe input, with the 
MSB loaded first. Register B is a 12-bit parallel-in parallel-out 


SIMPLIFIED BLOCK DIAGRAM 


Vining J 


Oo | 
i [J 

A 12-Bit D/A Converter aa | 
{} a 


DAC Register B 


MP75L43 


Low Voltage CMOS 
Serial Input 12-Bit 
Digital-to-Analog Converter 


BENEFITS 


e Lower Assembly Costs 
e Compatible with Serial Addressing Systems 


register that follows register A. The contents of register A are 
loaded into register B under control of the Load inputs. 


A CLEAR input is provided for the asynchronous resetting of 
register B to all O’s. 


The MP75L43 is manufactured using an advanced thin film 
monolithic CMOS fabrication process. A unique decoding tech- 
nique is utilized yielding excellent accuracy and stability. 12-bit 
linearity is achieved without laser trimming. 
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ORDERING INFORMATION 


Package Temperature 
Type Range 


Plastic Dip —40 to +85°C MP75L43JN 


[e) 
—40 to +85°C MP75L43JS 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


louT1 


louT2 
AGND 


STB1 
LDT 
N/C 
SRI 

STB2 


16 Pin PDIP (0.300”) 
N16 


PIN OUT DEFINITIONS 


DESCRIPTION 


DAC current output pin. Normally 
terminated at op amp virtual ground. 


DAC current output pin. Normally 
terminated at AGND. 


Analog Ground. 
Register A Strobe 1 input, See Table 17. 


DAC Register B Load 1 input. When 
LD1 and LD2 go low the contents of 


Register A are loaded into DAC 
Register B. 


No Connection. 
Serial Data Input to Register A. 
Register A Strobe 2 input, See Table 7. 


See 
Pin Out 
at Left 


16 Pin SOIC (Jedec, 0.300”) 
S16 


DESCRIPTION 


DAC Register B Load 2 input. When 
LD1 and LD2 go low the contents of 
Register A are loaded into DAC 
Register B. 


Register A Strobe 3 input, See Table 7. 
Register A Strobe 4 input, See Table 7. 
Digital Ground. 

Register B CLEAR input (active 

LOW), can be used to asynchronously 
reset Register B to 0000 0000 0000. 
Supply Input. 


Reference input. Can be positive or 
negative DC voltage or AC signal. 


DAC Feedback Resistor. 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 3 V, Vref = +3 V unless otherwise noted) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


STATIC PERFORMANCE" 

Resolution (All Grades) 
Integral Non-Linearity 
(Relative Accuracy) 
Differential Non-Linearity 


J 


Gain Error 
al 


Gain Temperature Coefficient? 
Power Supply Rejection Ratio 


Output Leakage Current 
J 


DYNAMIC PERFORMANCE 


Current Output Settling Time 


AC Feedthrough at IoyT12 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS? 
Logical “1” Voltage 


Logical “O” Voltage 
Input Leakage Current 


ANALOG OUTPUTS? 


Output Capacitance 


POWER SUPPLY 


Supply Voltage 
Supply Current 


Yrvino fs Ff Ff fF f / 


Best Fit Straight Line Spec. 
(Max INL — Min INL) /2 


Monotonicity: 
12 Bits Guaranteed 


Using Internal Reg 


AGain/ATemperature 


|AGain/AVpp| AVpp = + 5% 


R,_=1002, CL=13pF 

Full Scale Output Settles to 

1/2 LSB of Final Value 

Vref = 10kKHz, 20 Vp-p, sinewave 


DAC Inputs all 1’s 
DAC Inputs all 0’s 
DAC Inputs all 1’s 
DAC Inputs all 0’s 


All digital inputs = 0 V or all=3 V 


TOM 


MP75L43 Z EXAR 
TTS 


ELECTRICAL CHARACTERISTICS (CONT’D) 


25°C Tmin to Tmax 
Parameter Symbol Min Typ Max Min Max Test Conditions/Comments 


SWITCHING 
CHARACTERISTICS2: 4 


Serial Input to Strobe Set-up Time STB1 used as a strobe 
Serial Input to Strobe Set-up Time STB4 used as a strobe 
Serial Input to Strobe Set-up Time STB3 used as a strobe 
Serial Input to Strobe Set-up Time STB2 used as a strobe 
Serial Input to Strobe Hold Time STB1 used as a strobe 
Serial Input to Strobe Hold Time STB4 used as a strobe 
Serial Input to Strobe Hold Time STB3 used as a strobe 
Serial Input to Strobe Hold Time STB2 used as a strobe 
SRI Data Pulse Width 
STB1 Pulse Width 
STB4 Pulse Width 
STB3 Pulse Width 
STB2 Pulse Width 
Load Pulse Width 
Minimum time between strobing 

Reg. A and loading Reg. B 
CLR pulse width 


NOTES: 


Full Scale Range (FSR) is 3 V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 3 


Vier tN paces ev ekexewekad ener xdek pee wk eens es +5 V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND (2) . GND -—0O.5 to Vpp +0.5 V 

lout1, lout2 to GND ........... GND -0.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
Vecr WOUND IZ) cece. cvcuecdeuresaesverssekeees +25 V Package Power Dissipation Rating to 75°C 

Meers te IND 12) accoccveveceesseésdovesGueeed as +25 V 

AGND to DGND .......... 2200000 c eevee ee eee eee +1V a 700mW 
(Functionality Guaranteed +0.5 V) Derates above 75°C ................00005 10mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

e Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 GND refers to AGND and DGND. 
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tos1; tps2, tos4 


Strobe Input 
(STB1, STB2, STB4 
(Note) 


tsTB4 
No LOADING REGISTER A ———| 
tasB <—>| 
—_—— 
LDT AND LD2 ‘Lo 


tLp2 


Note: . Loading Register B 

Strobe Waveform is Inverted if with Contents of Register A 
STB3 is Used to Strobe Serial Data Bits 

into Register A 


Figure 1. Timing Diagram 


MP75L43 Logic Inputs 


MP75L43 Operation 


Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 
Data appearing at SRI strobed into Register A 


No Operation (Register A) 


No Operation (Register B) 


Load Register B with the contents of Register A 3 
NOTES 


1. CLR=0 Asynchronously resets Register B to 0000 0000 0000, but has no effect on Register A. 
2. Serial data is loaded into Register A MSB first, on edges shown 7 is positive edge, ~ is negative edge. 
3. 0O=Logic LOW, 1 = Logic HIGH, X = Don’t Care. 


Table 1. Truth Table 


MP75L43 
LEE giles 


APPLICATION NOTES 
Refer to Section 8 for Applications Information 
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Figure 2. Digitally Programmable Graph 1. Relative Accuracy vs. Digital Code 
Gain Amplifier 
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Low Voltage CMOS 
Buffered Multiplying 12-Bit 
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FEATURES APPLICATIONS 

e 3.3 V Operation e Disk Drive Servo Systems 

e Full Four Quadrant Multiplication e Digital/Synchro Conversion 

e 12-Bit Resolution e Programmable Gain Amplifiers 
e Latch-Up Free e Ratiometric A/D Conversion 

e Extremely Low Power CMOS: 0.3 mW (typ.) e Function Generation 


e Digitally Controlled Filters 


GENERAL DESCRIPTION makes the input latches transparent, allowing direct unbuffered 
operation of the DAC. 


The MP75L45 is particularly suitable for single supply opera- 
The MP75L45 is a 12-bit CMOS multiplying Digital-to-Analog _ tion and applications with wide temperature variations. 
Converter with on-board data latches. It is loaded by a single Specified for operation over the commercial / industrial (—40 
12-bit wide word and interfaces directly to most 12- and 16-bit to +85°C) temperature range, the MP75L45 is available in Plas- 
bus systems. Data is loaded into the input latches under the _ tic dual-in-line (PDIP), Surface Mount (SOIC), and Shrunk Small 
control of the CS and WR inputs; tying these control inputs low (SSOP) outline packages. 


SIMPLIFIED BLOCK DIAGRAM 
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Multiplying DAC 
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ORDERING INFORMATION 


Package Temperature INL DNL Gain Error 
be ee) Pe a Part No. (LSB) (LSB) (LSB) 


[Plastic dip | —sotoves°c | wprsasn [  t  [ st | 0 
SOIC | -4010+85°C | MP7SL45KS re a 
ssop__ | -40to+85°c | mprsiaska [1 | st | sto. 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


louT Rep 1 
AGND VReEF 2 
DGND Vop ‘ 
(MSB) DB11 WR 4 See 
DB10 CS 5 Pin Out 
DB9 DBO (LSB) g atLeft 
DB8 DB1 7 
DB7 DB2 ‘ 
DB6 DB3 
DB5 DB4 1 
20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300’) — S20 
N20 20 Pin SSOP — A20 


PIN OUT DEFINITIONS 


Output Current Data Input Bit 4 


Analog Ground Data Input Bit 3 


Digital Ground Data Input Bit 2 


Data Input Bit 11 (MSB) Data Input Bit 1 


Data Input Bit 10 Data Input Bit 0 (LSB) 


Data Input Bit 9 Chip Select (Active Low) 


Data Input Bit 8 Write (Active Low) 
Data Input Bit 7 Digital Supply Voltage 


Data Input Bit 6 Reference Input 


Feedback Resistor 


Data Input Bit 5 
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ELECTRICAL CHARACTERISTICS 
(Vpp = + 3 V, Vrer = +3 V unless otherwise noted) 


Parameter 


STATIC PERFORMANCE! 


Test Conditions/Comments 


Resolution (All Grades) 


Best Fit Straight Line Spec. 
(Max INL — Min INL) / 2 


Integral Non-Linearity 
(Relative Accuracy) 


Differential Non-Linearity 


Using Internal Reg 


Gain Error 


Gain Temperature Coefficient? AGain/ATemperature 


[AGain/AVpp| AVpp = + 5% 


Power Supply Rejection Ratio 


Output Leakage Current 


REFERENCE INPUT 


Input Resistance 


DIGITAL INPUTS? 


Logical “1” Voltage 
Logical “0” Voltage 
Input Leakage Current 
Input Capacitance? 
Data 
Control 


POWER SUPPLY® 


| Functional Voltage Range 
Supply Current 


All digital inputs = 0 V or Vpp 


| SWITCHING 
CHARACTERISTICS4 


Chip Select to Write Set-Up Time 
Chip Select to Write Hold Time 
Data Valid to Write Set-Up Time 
Data Valid to Write Hold Time 
Write Pulse Width 


NOTES: 


Full Scale Range (FSR) is 3 V for unipolar mode. 

Guaranteed but not production tested. 

Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur. 
See timing diagram. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 


a + WS YO = 


Specifications are subject to change without notice 
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ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 


VonlOGND 5.28 cocndivedevnsdncewwwkaesdnss 0 to+5V Storage Temperature ................. —65°C to +150°C 
Digital Input Voltage to GND .... GND-—-0O.5 to Vpp +0.5 V Lead Temperature (Soldering, 10 seconds) ...... +300°C 
lout1, lout2 toGND ........... GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 
Weer) cused eee se be teuswendeduce wan de +25 V PDIP, SOIC, SSOP occa eenweuseiseswcenes 900mW 
Were TO GND) scticacteweseeenavacumeeeanoens +25V Derates above 73°C occkaescssecaascaanes 12mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
eas suede the supplies of less than 100mA for less than 100s. 
3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 


oe a p= Vip 
0 

i a 
0 


a 
DATA IN Vop 
(DB0-DB11) DATA CV pata VALID ) 

0 


Figure 1. Write Cycle Timing Diagram 


Relative Accuracy (LSB) 


0 1024 2048 3072 4096 
Digital Code 


Graph 1. Relative Accuracy vs. Digital Code 
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FEATURES 


e Single Power Supply (3.3 Volt) 
e Sampling Rates from 1 kHz to 6.0 MHz 


e Interface to any Input Range between GND and Vpp 


e Input Op Amp Not Required 

e Monotonic; No Missing Codes 

e Low Power CMOS (20 mW) 

e ESD Protection: 4000 Volts Minimum 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP76L86 is a 6-bit CMOS single step high speed 
Analog-to-Digital Converter designed for precision applications 
in video and data acquisition requiring conversion rates to 6.0 
MHz with differential linearity error less than 1/2 LSB and low 
power consumption. The input architecture of the MP76L86 


allows direct interface to any analog input range between AGND 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Vop 


1/2 R 


Encoder 


1/2 RO Ladder 


1/2R 


CLK © - 
@ 


Rev.20 ff $f f g 


MP76L86 


Low Voltage CMOS 
Programmable Input Range 6-Bit 
High Speed Analog-to-D 


BENEFITS 


e Reduced Board Space (small package) 

e Excellent Accuracy Without High System Power 

e Reduced External Parts, No Sample/Hcld 
Needed 

e Designer Can Adapt Input Range and Scaling 


and Vpp (of 50 mV to Vpp). The user simply sets Vaer(.) and 
Vrer(-) to encompass the desired input range. 


The MP76L86 includes 64 clocked comparators, encoders, 
3-state output buffers, a reference ladder resistor and 
associated timing circuitry. An overflow bit (or flag) is provided. 


DB5-DBo| 


DB5-DBO 7 x N 
| 


O PHASE 
O ZENER 


TOM 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


Plastic Dip__| -40t0+85°C_| MP76Le6aN 
soic | -40t0+85°C | mP7éLe6as 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB5 DB4 DB5 1e@ DB4 
OFW DBS OFW 2 DB3 
GND 1/2 R GND 3 1/2 R 

MODE DB2 MODE 4 DB2 
OET DBO OE 6 DBO 
CLK Vpp CLK 7 Vop 
PHASE VIN PHASE 8 VIN 
VREF(+) VREF(-) VREF(+) 9 VREF(-) 
18 Pin PDIP (0.300”) 18 Pin SOIC (Jedec, 0.300’) 
N18 S18 


PIN OUT DEFINITIONS 


ae. DESCRIPTION 


Data Output Bit 5 (MSB) Negative Reference Voltage Pin 
Digital Output Overflow Analog Input 

Ground Power Supply 

Mode Select Data Output Bit 0 (LSB) 

Output Enable Control (See Truth Data Output Bit 1 


Table) 

Data Output Bit 2 
Output Enable Control (See Truth 
Table) 


Clock Input Data Output Bit 3 


Center of Reference Ladder 


Sampling Clock Phase Control Data Output Bit 4 


Positive Reference Voltage Pin 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 3 V, Fs= 6.0 MHz (50% Duty Cycle), 
VREF(+) = 3, VREF(-) = = GND, Ta = 25°C 


- Tmin to Tmax 
Parameter . — Oa i Min aia ee Test a ee 


KEY FEATURES 


Resolution 
sarepling Rate 


ACCURACY (A Grades} 


Differential Non-Linearity 


Integral Non-Linearity +1 Best Fit Line 
(Max INL — Min INL)/2 


REFERENCE VOLTAGES 

Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? VREF 


Ladder Resistance Ry. 
Ladder Lehi Geenielanit Rrco 


ANALOG INPUT 


Input Voltage Range bes rm VREF(-) VREF(+) 
Input Impedance 
Input Capacitance Sample? 
Aperture Delay 
Aperture Uncertainty (Jitter) 
DIGITAL INPUTS 
Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents? 
CLK 


DIGITAL OUTPUTS 
Logical “1” Voltage 
Logical “O” Voltage 
3-state Leakage 


POWER SUPPLIES® 


Operating Voltage 
Current 


AC PARAMETERS2 100 mV Fs 
Signal Noise Ratio® Fg = 5 MHz, Fix = 100 kHz 


DYNAMIC ACCURACY Histogram Test 


Differential Non-Linearity? Fin = 0.1 MHz 


MED LD ET TO)M 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


NOTES 
1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VpeF/64) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

See Vix input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to Vpp and GND. Input(s) OET has (have) internal pull down(s). Input(s) OE2 has(have) internal pull 
up(s). Input DC currents will not exceed specified limits for any input voltage between GND and Vpp. 

6 SNR: Ratio of RMS signal to RMS noise, up to 1/2 Fg in dB. 


ah, W PY 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 


Wop TOTEND 6 nsccgcccceesesesvotacceredenesias +5.5V Storage Temperature ................... —65 to +150°C 
Varin & VASE xns eis nace wens GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Ui Anneka aadedyase eee ames GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

AU IOUS oc ccncacwaseecusws cus GND -0.5 to Vpp +0.5 V POW SOM 5 vec cows vers cee deerveeeees see 850mW 
AN OUPUS jaueesavesrcancnnies GND —0.5 to Vpp +0.5 V Derates above 75°C 43... ediiswacaecnaes 114mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 


y Rev 20 f fF fF fF f T@YM 


5-28 


Za EXAR = MP76L86 


CLK Vip- - OET, OE2 
Vit 2 
DATA 
45 ns (typ) 45 ns (typ) 
Figure 1. Clock Timing Specification Figure 2. Data Line Enable Delay 
Output 
DNL? LSB , Codes Best Fit Line 
V(N+1) Real Transfer Line 
Analog 
Input 6 
V 
(N) 5 
Output cca 4 
Codes N 
N-1 3 Ideal Transfer Line 
(N+1) Code Width = V(N+2 = V(N+1) 2 
LSB = [ Vrer+) — VREF(-) / 64 
DNL(ny = [ Vin+1) — Vin) ] - LSB 1 
7 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
Vpp 
Clock 
no 7 


" ae 
+ 
iN pF t 10 pF T 1/2 VRer(+)— 1/2 VREF(-) 


Figure 5. Analog Input Equivalent Circuit 
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THEORY OF OPERATION 


The MP76L86 has three operating modes. It has two 
pipelined modes (MP7682 compatible), and a one shot mode. 
The voltages applied to the Phase and Mode pins determine the 
operating mode. Figures 1, 2, 6 and 7show the timing specifica- 
tions. Timing parameters are measured to and from valid logic 
levels (i.e. toH is the time from CLK = 0.8 V to DATA = 0.4 or 
2.4V). 


Pipeline Modes (Mode = High) 


In this configuration, the MP76L86 works in a continuous 
fashion (MP7682 compatible). Figure 6. shows the timing with 
the Phase pin high and low. When Phase is low, “sampling” oc- 
curs during the low period of the clock, and “balancing” during 
the high period. When Phase is high, operation is reversed (see 
Figure 7.), “sampling” occurs during the high period and “bal- 
ancing” during the low period. The actual time when the internal 
comparators are connected to Vy is called the Acquisition Time. 
This time is equal to the sample phase of the external clock de- 
layed by tap and tap. 


Ts =1/Fs 
Balance Sample Balance Sample 
CLK 
N +1 
tap tap Sampling Window 
VIN . i & Sa 
ts 
DATA set | XS 
rere 
DH 


toL 


Figure 6. Pipeline Mode Timing (7682 compatible) 
(Phase = 0, Mode = 1) 


CLK 


VIN 


DATA 


Figure 7. Pipeline Mode Timing (7682 compatible) 
(Phase = 1, Mode = 1) 


The MP76L86 converts analog voltages into 64 digital codes 
by encoding the outputs of comparators. A comparator is used 
to generate the overflow bit. The conversion is synchronous with 
the sample clock. A complete conversion cycle is accomplished 
in 1.5 cycles. Data is transferred from the comparator latches to 
the output register each cycle at the same time the input is sam- 
pled. 


The clock signal generates the two internal phases, dp (CLK 
high = balance) and 0s (CLK low = sample). Phase B connects 
the comparators to the reference tap points. Phase S connects 
the comparators to the analog input voltage. 

The reference resistance ladder is a series of 65 resistors. 
The first and the last resistors of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = R e 64 Vrer = Vrer(+) — VRer-) = 64 @ LSB 
DIGITAL . 
CODES 
0.5 *LSB 0.5 * LSB 
—ly—s) 
OFW| = 1 
| | 
| | 
| | 
| | 
ToT 


VReF(-) Vor Vo2 Vez Ves Vorw VREF(4) 


Figure 8. Ideal A/D Transfer Function 


DIGITAL 


1.6 * LSB 


VREF(-) Vor Voz Veo Ves  VREF(+) 


Figure 9. Real A/D Transfer Curve 


For MP76L86 the overflow flag is ideally set at 

VoFrw = VREF(+) —0.5 * LSB 

Thus the first and last transition of the data bits take place at 
Vin=Vo1 = VREF(-) + 0.5 * LSB 

Vin = V63 = VREF(+) —1.5* LSB 

LSB = (Vg3 — Voi) / 62 


MP76L86 also has zero scale and full scale errors which indi- 
nd final transitions, thus 


a TOM: 


cate the deviations from the ideal initial 
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the various error relationships for Differential Non-Linearity 
(DNL), Integral Non-Linearity (INL) and the zero and full scale 
errors (Ezs and E¢s) can be described as follows: 


DNL (01) = Vo2 — Vo, - LSB 


DNL (62) = Ve3 — Veo — LSB 

Egs (full scale error) = Ve3 — [VReF(+) —1.5 * LSB] 
Ezs (zero scale error) = Vo — [VRer(-) + 0.5 * LSB] 
INL (i) = & DNL (i) 


Systems that adjust the Vr_er voltages only increase the DNL 
accuracy at the two extreme points. In the MP76L86, such ad- 
justments have little impact at frequencies lower than 2.5 MHz. 


na a aad 7 

so y?s | 

. | 0 | 
<< 7 ‘ | 

| | 

: | | 

Ref | COMPARATOR | 
Ladder 0, Ras eons ste arn secre ae sapere a) 


Figure 10. MP76L86 Comparator 


The MP76L86 uses the balance phase (dp) to charge one 
plate of the capacitors to the reference ladder tap point and the 
other to the inverter/comparator trigger point (Figure 10.). Dur- 
ing the sample phase (ds) one plate of the capacitor switches to 
Vin. The change in voltage (Vij — Vtap) transfers across the ca- 
pacitor and forces the inverter into one of the two possible logic 
states. A latch (connected to the comparator during ds) restores 
and propagates the digital level to the decode logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when sg disconnects the latch from the com- 
parator. This delay is called aperture delay (tap). 


The aperture delay is not constant but changes from one cy- 
cle to the next. Internal thermal noise and slow input clock edges 
are major contributors to this variation. The aperture jitter (tap) is 
the variation of the aperture delay distribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of magnitude as the 
LSB. That is, if (dv/dt) * tay = VReF/64, an internal 1 LSB of error 
results. 
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The logic encodes the 64 bits into a binary code and latches 


the data in a D-type flip-flop for output. The inputs OE1 andOE2 
control the output buffers in an asynchronous mode. 


CLK N N+1 
too ' 
VIN i ! 
1 ee 
tp-—= = ' ! 


Figure 11. MP76L86 Functional Equivalent 
Circuit and Interface Timing (Pipeline Mode) 


The MP76L86 functional equivalent circuit as shown is to 
help the designer to correctly design the timing of his system. 
The MP76L86 is equivalent to an A/D converter followed by a 
D-type flip-flop (DFF) with the hold and delay times specified in 
the electrical characteristics. 


lf another DFF is to follow the ADC, we recommend that the 
system latches the data at the negative going edge of the clock. 
If a latch follows the ADC, the positive half of the clock used as 
enable signal should guarantee stable output at the end of the 
enable pulse. At high sampling frequencies (Fs > 2.5 MHz), the 
user should verify in his system that the MP76L86 digital outputs 
do not change when the digital logic is trying to latch the data. If 
this problem occurs, it may be necessary to invert the logic state 


i | TOM 


MP76L86 — 


of the input PHASE or to change the edge that latches the data 
into the external circuitry. 


One Shot Mode (Mode = Low, Phase = Low) 


While the pipeline mode requires three clock edges (two 
clock pulses) to accomplish one A/D conversion, the One Shot 
mode (see Figure 12.) requires only two edges (one clock pulse) 


Sample Balance to complete a conversion. 
CLK 
Sampling Window Reserved (Mode = Low, Phase = High) 
V 
a This mode is not a valid operational mode. 
DATA Reference Voltages 
If the input bandwidth is limited to the Nyquist region (Fiy < 
Fc/2), then the two reference voltages can be set at any two val- 
ues between the supplies. Vag (their difference) can be re- 
Figure 12. One Shot Mode Timing duced down to 1.5 volts with minor change in accuracy. _If the 


(Phase = 0, Mode = 0) input bandwidth exceeds Fs/2, then it is recommended that 
Veer be lower than Vpp/2. 


PERFORMANCE CHARACTERISTICS 


SINAD (dB) 


A/D PP FULL SCALE RANGE (V) 


Graph 1. 6-Bit Low Level Input Performance 
Vpp = 3 V, Fs = 5 MHZ, Fiy = 100kHz 


TOM’ 
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FEATURES BENEFITS 

e Sampling Rates from 1 kHz to 5 MHz e Reduced Board Space (small package) 

e Interface to any Input Range between GND and Vpp__ *-:«;xExcellent Accuracy Without High System Power 
e Input Op Amp Not Required e Reduced External Parts, No Sample/Hold 
e Monotonic; No Missing Codes Needed 

e Single Power Supply (3.3 V) e Designer Can Adapt Input Range and Scaling 


e Low Power CMOS (45 mW) 
e ESD Protection: 4000 Volts Minimum 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP76L90 is an 8-bit CMOS single step high speed and AVpp (50 mV to AVpp). The user simply sets VreF 4) and 
Analog-to-Digital Converter designed for precision applications Vrer(-) to encompass the desired input range. 


in video and data acquisition requiring conversion rates to 5 


MHz with differential linearity error less than 1/2 LSB and low The MP76L90 includes 256 clocked comparators, encoders, 
power consumption. The input architecture of the MP76L90 3-state output buffers, a reference ladder resistor and = 


allows direct interface to any analog input range between AGND associated timing circuitry. An overflow bit (or flag) is provided. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp DVpp 


1/2 R 


Encoder 
1/2R Ladder ——— 


VREF(-) 


CLK {LN 
| | 
peroed_| |< 


CLK 


F Rev. 200 ff Ff ff TOM 


MP76L90 


ees ee 


ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


Plastic Dip —40 to +85°C MP76L90AN 
—40 to +85°C MP76L90AS 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


1/2R AVop 
AVpp AGND 
AGND AVpp 
AVop VREF(+) 
VREF(-) OET 
VIN OE2 
CLK OFW 
DB7 DBO 
DB6 DB1 
DB5 DB2 
DB4 DB3 
DVpp DGND 


24 Pin PDIP (0.300”) 
NN24 


PIN OUT DEFINITIONS 


/PINNO.| NAME _| DESCRIPTION 


Center of Reference Ladder 
Analog Power Supply Voltage 
Analog Ground Return 
Analog Power Supply Voltage 
Lower Reference Voltage Input 
Analog Input Voltage 
Sampling Clock Input 

Data Output Bit 7 (MSB) 

Data Output Bit 6 

Data Output Bit 5 

Data Output Bit 4 


ON OO FP WDY — 


Digital Power Supply Voltage 
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1/2R 
AVpp 
AGND 
AVpp 
VREF(-) 
VIN 
CLK 
DB7 
DB6 
DB5 
DB4 


24 


AVop 
AGND 
AVpp 
VREF(+) 
OET 
OE2 
OFW 
DBO 
DB1 
DB2 
DB3 
DGND 


1 
2 
3 
4 
5 
6 
ri 
8 
9 


at <k ok 
yo -+- Oo 


Pin SOIC (Jedec, 0.300”) 
$24 


Digital Ground Return 

Data Output Bit 3 

Data Output Bit 2 

Data Output Bit 1 

Data Output Bit 0 (LSB) 
Overflow flag 

Output Enable Control Pin 
Output Enable Control Pin 
Upper Reference Voltage Input 
Analog Power Supply Voltage 
Analog Ground Return 
Analog Power Supply Voltage 


TO)M 


Y2 EXAR MP76L90 


ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3 V, Fs = 5 MHz (50% Duty Cycle), 
VreEF(+) = 3, Vrer-) = AGND, Ta = 25°C 


25°C Tmin to Tmax . 
Parameter Symbol Min Typ Max Min Max | Units Test Conditions/Comments 
(eeeeacepenneereeaems eeareeetes 2 SS, OS TR, 


KEY FEATURES 


Resolution 
Sampling Rate ; For Specified Accuracy 


ACCURACY (A Grades)! 


Differential Non-Linearity + 
Integral Non-Linearity Best Fit Line 
(Min INL — Max INL)/2 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? VREF AVpp-AGND AVpp-AGND 
Ladder Resistance Re 285 165 305 
Ladder Temp. Coefficient@ Rrtco 2000 


ANALOG INPUT 


Input Voltage Range 

Input Capacitance Sample‘ 
Aperture Delay 

Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 

Logical “1” Voltage 

Logical “O” Voltage 

Leakage Currents® Vin=DGND to DVpp 
CLK 

DIGITAL OUTPUTS 

Logical “1” Voltage 

Logical “O” Voltage 

Tristate Leakage 


POWER SUPPLIES® 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS2 
Signal Noise Ratio’ 
Harmonic Distortion 100 mV Fs 


Total Harmonic Distortion® Fs = 5 MHz, Fin = 100 kHz 


DYNAMIC ACCURACY Histogram Test 


Differential Non-Linearity? Fin = 0.1 MHz 


T@YM 
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ELECTRICAL CHARACTERISTICS TABLE CONT’D 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (VIN). The difference between the measured and the 
ideal code width (Vper/256) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (Fs). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

a See Vij input equivalent circuit (Figure 5.). Switched capacitor analog input requires driver with low output resistance. 

5 All inputs have diodes to DVpp and DGND. Input(s) OET has (have) internal pull down(s). Input(s) OE2 has(have) internal pull 
up(s). Input DC currents will not exceed specified limits for any input voltage between DGND and DVpp. 

6 DVpp and AVpp are connected through the silicon substrate. Connect together at the package and to the analog supply. 

7 SNR: Ratio of RMS signal to RMS noise, up to 1/2 Fs in dB. 

8 THD: Ratio of total RMS of harmonics (2nd to 5th) over RMS of signal, in dB. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


WG IO SSID). osc2n eédensucuteseeuressceeasadusess +7V Storage Temperature ................... —65 to +150°C 
Vertis © VRP) «010-2 suxecne: GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
eee eer ee eee GND -0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PU GS vhxn dadenkeeedsneee ans GND —0.5 to Vpp +0.5 V PIMP, Giles caexbesieounsionketaseunannes 1000mW 
AU OUOUIS: sianxewseeeeeeasas GND —0.5 to Vpp +0.5 V Derates above 75°C ...............0.0005 13mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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¥ EXAR _ _—————s MP76L90 


i _— 
clock /, Ob1 Vi r 
_ | ‘ aa VIL “ 


' 
' 
AUTO + SAMPLE 


1 
SAMPLE ' AUTO 4 SAMPLE 


= ' ‘ : r] 
N-1! BALANCE ON ! BALANCE + Net OE2 a ar <a) al 
'  tpen— — ‘+— tpen 
ANALOG ! , , re 
INPUT ; ' , —_ toH—e— ' —, tpyH7—— | 
DATA 
— <— 
'HLD tpen = 20 ns (typ); tpHz = 20 ns (typ) 
to. = 25 ns (typ) 
Figure 1. MP76L90 Timing Diagram Figure 2. Output Enable/Disable Timing Diagram 
Output 
DNL| ‘LSB Codes Best Fit Line 
V(N#1) : . 
Real Transfer Line 
Analog 6 
Input 
V 
(N) 5 
Output aes 4 
Codes N 
N—4 3 Ideal Transfer Line 
(N) Code Width = V(N+1) — VN) 2 
LSB =[ Vrer(+) — Vrer-) ] / 256 
1 
DNL(N) = [ V(N+1) =— Vn) ] — LSB # 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
AVpp 
Clock 
10Q_ Low High 
” Le 
+ 
|” pF 30 pF T 1/2*[ VRer)+ VREFR) | 
AGND 


Figure 5. ieliebic _ —- Circuit 
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THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP76L90 converts analog voltages into 256 digital 
codes by encoding the outputs of 255 comparators. A 256th 
comparator is used to generate the overflow bit. The conversion 
is synchronous with the clock and it is accomplished in 1.5 clock 
periods. Data is transferred from the comparator Jatches to the 
output registers each clock period and atthe same time the input 
is sampled. 


The clock signal generates the two internal phases, 0p (CLK 
high = balance) and ds (CLK low = sample). pg connects the 
comparators to the reference tap points. ds connects the com- 
parators to the analog input voltage. 


The reference resistance ladder is a series of 257 resistors. 
The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 256 * R Vrer = Vrer(+) — VREF(-) = 296 * LSB 
Os ae “a 
9s | 4° | 
' | 0s | 
VIN 7 | : 7 
VTaP | | 
an | 
e 
Ladder 0, enh 


Figure 6. MP76L90 Comparator 


The MP76L90 comparators use the balance phase (dp) to 
charge one plate of the capacitors to the reference ladder tap 
point (Vrap) and the other to the inverter/comparator trigger 
point. During the sample phase (s) one plate of the capacitors 
switches to Viy. The change in voltage (Vin — Vtap) transfers 
across the capacitors and forces the inverters into one of the two 
possible logic states. Latches (connected to the comparators 
during 0s) restores and propagates the digital level to the de- 
code logic. 


The rising edge of the CLK input marks the end of the sam- 
pling phase (ds). Internal delay of the clock circuitry will delay 
the actual instant when @s disconnects the latches from the 
comparators. This delay is called aperture delay (tap). 


The aperture delay may vary from one cycle to the next. Inter- 
nal thermal noise, power supply noise and slow input clock 
edges are major contributors to this variation. The aperture jitter 
(ta) is the variation of the aperture delay distribution. 


This uncertainty shows as digital code errors if the input slew 
rate multiplied by tay is of the same order of des lac as the 
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* tay = Vrer/256 é an internal error of 1 LSB 


results. 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 7. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
Canes 
oe 


Vrer(-) VO1 V02 Vee Ver 


Vorw VREF(+) 


Figure 7. Ideal A/D Transfer Function 


The overflow transition (Vofw) takes place at: 

Vin = Vorw = Vrer(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VO1 = Vrer-) + 0.5 * LSB 

Vin = Ver = VRer(s) — 1-5 * LSB 

LSB = ( Vrer(+) — VREF(-) ) / 256 = (Ver — VO1) / 254 


Note that the overflow aise is a flag and has no impact on 
the data bits. 


DIGITAL 
CODES 
0.5 * LSB 


1.5 * LSB 


Figure 8. Real A/D Transfer Curve 


In a “real” converter, the code-to-code transitions do not fall 
exactly every (Vrer(+) — VRer(_)) / 256 volts. 


A positive DNL (Differential Non Linearity) error means that 
the real width of a particular code is larger than or less than 1 
LSB. This error is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5LSB means that all codes are within 0.5 and 1.5 
LSB. If Vaer = 4.096 V then 1 LSB = 16mV and every code 


width is within 8 and 24 mV. 


sa EXAR 


The formulas for Differential Non-linearity (DNL), Integral | 


Non-Linearity (INL) and zero and full scale errors (EZS, EFS) 
are: 


DNL (01) = V0O2 — VO1 —LSB 


DNL (FE) = Ver — Veg —- LSB 
EFS (full scale error) = Ver —[VRer(4) -1.5 * LSB] 


EZS (zero scale error) = Vo; — [VReF(-) + 0.5 * LSB] 

Figure 8. shows the zero scale and full scale error terms. 

Systems that adjust the Vrer voltages to correct for EFS and 
EZS only increase the accuracy at the two extreme points. In the 
MP76L90, such adjustments have little impact at frequencies 
lower than 10 MHz and generally are not required. Refer to the 
characterization data for temperature and frequency depend- 
ence. 


Figure 4. gives a visual definition of the INL error. The chart 
shows a3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the Best 
Fit Line makes equal the positive and the negative INL errors. 
For example, an INL error of —1 to +2 LSB’s relative to the Ideal 
Line would be +1.5 LSB’s relative to the Best Fit Line. 


CLOCK N N+1 N+2 
DATA 
a. Continuous clock 
CLOCK | N | | | BALANCE 
DATA Xx 4 N 
b. Two negative clock pulses 
SAMPLE 
CLOCK BAL] N 
; 
DATA 


c. Two positive clock pulses 


Figure 9. Relationship of Data to Ciock 


90 


Clock and Conversion Timing 


A system will clock the MP76L90 continuously (Figure 9a) or 
it will give clock pulses intermittently when a conversion is de- 
sired. The timing of Figure 9b keeps the MP76L90 comparators 
in balance and ready to sample the analog input. This mode 
draws the most current from AVpp. The timing of Figure 9c 
leaves the comparator inputs floating (and AC coupled to the Vij 
input) and a balance phase is needed before a valid sampling 
phase. In this mode, Ipp varies because of the floating compa- 
rator inputs. 


Analog Input 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP76L90’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. These have 
an impact above 5 MHz and they are very important above 10 
MHz. Use of Current Feedback Amplifiers is an easy and cost 
effective way to maximize performance. 


Reference Voltages 


If the input bandwidth is limited to the Nyquist region (Fin) < 
(Fs) /2 then the two reference voltages can be set at any two val- 
ues between the supplies. Veer (their difference) can be re- 
duced down to 1.5 volts with minor change in accuracy. _If the 


input bandwidth exceeds (Fs) /2, then it is recommended that 
Veer is lower than Vpp/2. 


At Vref = 1.5 V the LSB is reduced to 6mV. Further reduc- 
tions show an increased error in terms of LSB (which is getting 
smaller) even if the error in terms of mV is about constant. 


The input/output relationship as a function of Vrer: 


Ain = Vin — VREF(-) 
VReF = VRer(+) — VREF(-) 
DATA = 256 * (Ajn/Vrer) 
0 < Vin < Vaer — 1 LSB, DATA = 255 if Vin = Veer 


a) Gain adjustment. A system can increase total gain by 
reducing Vpr_er. 


b) Increasing dynamic range. A system can increase 
dynamic range by using DAC’s to control Vref and by “fo- 
cusing” on input ranges of interest. In digitizing “static” infor- 
mation (an image in a scanner), a first digitization would 
point to the input range in which most of the output codes 
fall. The system then would adjust the DACs _ to generate 
VreF(+) and Vrer(_) to include just the range of interest for 


the second and final pass 
soney ganpepnnnapannannneyr gpeamaneaabteneaay> 27DAODASAAIDSDREDEE? Abdi sone TO’ i i 
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c) Subranging; increasing resolution. Where practical, 
multiple passes at different Var ranges can increase reso- 
lution without changing hardware. A system needs to make 
four passes to increase the resolution to 10 bits. The merg- 
ing of the data from the four passes can create DNL errors at 
the borders of the ranges. One solution is to “overlap” the 
ranges and to use software methods to properly merge the 
ranges. 


Digital Interfaces 


The logic encodes the 255 bits into a binary code and latches 
the data in a D-type flip-flop for output. The inputs OE1 and 
OE2 control the output buffers in an asynchronous mode. 


The functional equivalent of the MP76L90 (Figure 10.) is 
composed of: 
1) Delay stage (tap) from the clock to the sampling phase 


(9s). 
2) An A/D which tracks and converts Vix with no delay. 
3) ADFF with specified hold (typ) and delay (tp,) times. 


Table 1. Output Enable Logic 


lf an external DFF is to follow the MP76L90, it is recom- 
mended that the system latches the data at the negative going 


edge of the clock. This will work at any frequency. If the system 
must latch with the positive going edge then care must be taken 
to avoid the overlay of the clock edge with the changing outputs. 


If alatch follows the ADC, the positive half of the clock used as 
enable signal guarantees stable output at the end of the enable 
pulse. 


F7-FO N-2 io N 


Figure 10. MP76L90 Functional Equivalent 
Circuit and Interface Timing 


PERFORMANCE CHARACTERISTICS 


SINAD 


0.05 0.1 0.2 0.3 0.5 1 2 


A/D PP FULL SCALE RANGE (V) 


Graph 1. 8-Bit Low Level Input Performance 
AVpp = DVpp = 3 FV, Fs=5 MHz, Fin = 100kHz 
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FEATURES 


e 3.3 Volt Operation 

e 8-Bit Resolution 

e Small 20 Pin SOIC, PDIP & SSOP Packages 

e DNL = +1/2 LSB, INL = +1 LSB (typ) 

e Internal S/H Function 

e Vin DC Range: 0 V to Vpp 

e Vper DC Range: 1 V to Vpp 

e Low Power: 20 mW typ. (excluding reference) 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP87L75 is an 8-bit Analog-to-Digital Converter in a 
small 20 pin SOIC package that operates at 3.3 V. Designed 
using an advanced CMOS process, this part offers excellent 
performance, low power consumption and latch-up free 
operation. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP87L75 includes an on-chip S/H function and allows the 
user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 
capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP87L75. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Encoder 
+ 
Error 
Correction 


L LSB 
Comparators 


AGND 


AVpp AVpp 
J J 


MP87L75 


Low Voltage CMOS 
8-Bit High Speed 


APPLICATIONS 


e Digital Radio 

e Cellular Telephones 

e CCD’s and Scanners 

e Hand Held and Battery Powered 
Data Acquisition 


The designer can choose the internally generated reference 
voltages by connecting Vpp to Vags and Vpz to Varts, or provide 
external reference voltages to the Vag and Vpz pins. The 
internal reference generates 0.4 V at Vag and 1.72 V at Var. 
Providing external reference voltages allows easy interface to 
any input signal range between GND and Vpp. This also allows 
the system to adjust these voltages to cancel zero scale and full 
scale errors, or to change the input range as needed. 


The device operates from a single +3.3 V supply +10%. 
Power consumption is 20 mW at FS = 10 MHz. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP87L75 is available in Plas- 
tic dual-in-line (PDIP), Surface Mount (SOIC), and Shrunk small 
outline (SSOP) packages. 


DGND 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


SOIC ~40t0+85°C_| MP87L75AS 
SSOP -40 to+85°C | MP87L75AQ +1/2 11/2 
| ppip «| 40 to +85°C | MP87L75AN +1/2 11/2 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DGND DGND 1 
DBO (LSB) DBO (LSB) 2 
DB1 DB1 3 

DB2 DB2 4 

DB3 DB3 5 

DB4 DB4 6 

DB5 DB5 7 

DB6 DB6 8 

DB7 (MSB) DB7 (MSB) 9 
DVpp DVpp ses 

20 Pin PDIP (0.300”’) 20 Pin SOIC (Jedec, 0.300’) —- S20 
N20 20 Pin SSOP — A20 


PIN OUT DEFINITIONS 


PINNO.| NAME DESCRIPTION ese [__pssenrow _ DESCRIPTION 


Digital Ground Sample Clock 
Data Output Bit 0 (LSB) Digital Power Supply 
Data Output Bit 1 Internal Top Ladder Bias 


— 


Data Output Bit 2 Top Reference 

Data Output Bit 3 Analog Power Supply 

Data Output Bit 4 Analog Input 

Data Output Bit 5 Analog Ground 

Data Output Bit 6 Internal Bottom Ladder Bias 
Data Output Bit 7 (MSB) Bottom Reference 


- © ON OO fF W PY 


Digital Power Supply Digital Ground 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3.3 V, FS = 6 MHz (50% Duty Cycle), 


Vat = 2.5 V, Vrp = 0.5 V, Ta = 25°C 
Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Min INL — Max INL)/2 


REFERENCE VOLTAGES 


Differential Ref. Voltage? Veer = Vat — VRB 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 
Short Vag and Vags 
Short Vat and Vats 
Self Bias 2 
Vrp = AGND, 
Short V_z and Vats 


ANALOG INPUT 


Input Bandwidth (—1 dB)4 
Input Voltage Range 
Input Capacitance® 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

DC Leakage Currents® Vin=DGND to DVpp 
CLK 

Input Capacitance 

Clock Timing (See Figure 1.)’ 
Clock Period 

High Pulse Width 

Low Pulse Width 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage ILOAD = 1 MA 
Logical “O” Voltage : lloap = 1mMA 
Data Valid Delay 


y Rev.20 fF fF f ff ff f T@)M 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp) 
Current Does not include ref. current 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VprF/256) is the DNL error (Figure 2.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 3.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 —1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 

the specified bandwidth. 

See Vix input equivalent circuit (Figure 4.). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to Vpp and GND. Input DC currents will not exceed specified limits for any input voltage between GND and Vpp. 

tr, te should be limited to >5 ns for best results. 

AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


ON DM 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


Ver OO GUL) cntacheard<ocenyaduednes) «+s ene se 5.5 V Storage Temperature ................... —65 to +150°C 
Wee & Ves cneseasectawenveans Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Wil 5 cance dene ceus acguenbes ees Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

PUIWOUIS canvecacesscdstvenxuns Vpp +0.5 to GND —0.5 V SUIG, SOO, PDIP 2.000: +seaceneavereewes 700 mW 
AllrOUBUS cccencascivagnowses Vpp +0.5 to GND —0.5 V Derates above 75°C ............ 0. cee eee 9mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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1/FS 
tpwu, Le tpw 


CLK N+1 N+2 
Serica * jx PIPELINE DELAY 
DATA 
Figure 1. MP87L75 Timing Diagram 
Output 
DNL| LSB coces Best Fit Line 
V(N+1) , | 
Real Transfer Line 
Analog 6 
Input 
V 
(N) 5 
Output dele 4 
Codes N 
N14 3 Ideal Transfer Line 
Code Width (N) = Vins1) — Vin) 2 
LSB = [ Vat — Vrp ] / 256 
{ 
DNL) = [ V(N+1) = Vin) ] -LSB 7 
7 
EZS Analog Input (Volt) 
Figure 2. DNL Measurement Figure 3. INL Error Calculation 
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Vin [N-2] #=—* 


—_ a 
CLK 


Figure 4. Equivalent Input Circuit 


APPLICATION NOTES 


Signals should not exceed AVpp or DVpp +0.5V or go below 
AVpp or DVpp —0.5V. All pins have internal protection diodes 
that will protect them from short transients (<100,s) outside the 
supply range. 


AGND and DGND pins are connected internally through the 
P—substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 

The power supply (AVpp) and reference voltage (Vat & Vrs) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
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D Outputs 
MP87L75 
VRB 
VrRBS 
Clock 


Figure 5. Typical Circuit Connections 


Capacitive coupling and reflections will contribute noise to the 
conversion. 


It is possible for the data valid delay (tp,.) to be equal to or 
greater than the high pulse width of the sampling clock (tpwy), 
See Figure 1. This can cause timing related errors. For sample 
rates above 8 MSPS use only the rising edge of the sample clock 
(CLK) to latch data from the MP87L75 to other parts of the 
system. 


The reference can be biased internally by shorting Vpt to 
Vats and Vapto Vapgs. This will generate 0.36 V at Vag and 1.56 
V at Vert (see Figure 5.). 


If the internal reference pins Vats and/or Vpapgs are not used 
they should be left unconnected. 
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PERFORMANCE CHARACTERISTICS 


0.1 1 10 100 
Fs(MHz) 


Graph 1. DNL vs. Sampling Frequency 


Fe(MH2) 


Graph 3. Supply Current vs. 
Sampling Frequency 
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INL(LSB) 


MP87L75 
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Graph 2. INL vs. Sampling Frequency 


-25 0 
Temperature(C) 
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Graph 4. Reference Resistance vs. 
Temperature 
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Graph 6. SINAD vs. Input Frequency 


Graph 5. SNR vs. Input Frequency 
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ENOB vs. Input Frequency 


Graph 7. 
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FEATURES 


e 8-Bit Resolution 

e Sampling Rate to 15 MHz 

e Low Power: 35 mW typ. (excluding reference) 
e Power Down Mode: 100uA (typ) 

e DNL = +1/4 LSB, INL = +1/2 LSB (typ) 
e Internal S/H Function 

e Single Supply: 3 V 

e Vin.Range: 0 V to Vpp 

e Vref Range: 1 V to Vpp 

e Latch-Up Tolerant 

e ESD Protection: 2000 V Minimum 

3 State Digital Outputs 


GENERAL DESCRIPTION 


The MP87L76 is an 8-bit Analog-to-Digital Converter 
designed for high speed digitizing applications requiring low 
power. The MP87L76 offers exceptional performance, flexible 
input architecture, low power consumption, power down 
capability, latch-up tolerant operation and is manufactured using 
an advanced 5 volt CMOS process. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP87L76 includes an on-chip S/H function and allows the 
user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 
capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP87L76. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
AVpp 


ai Encoder 
; Error 
Correction 


RTS 


MSB | 
Comparators 


ma LSB 
Comparators 


sil Clock Logic 
ama ) & 


AGND Vin CLK 
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MP87L76 


CMOS 


10 MSPS, 8-Bit High Speed, Low Power 
Analo 


g-to-Digital Converter with Power Down 


e 20 Pin PDIP, SOIC and SSOP Packages 
e 24 Pin Package Available: MP87L86 
e Improved Version of MP87L75 


APPLICATIONS 


e Wireless Communications 
e Digital Cellular Telephones 
e Telecommunications 

e CCD’s and Scanners 

e Video Boards 

e Digital Color Copiers 

e Battery Powered Devices 


The designer can choose the internally generated reference 
voltages by connecting Vrg to Vags and Vpz to Vets, or provide 
external reference voltages to the Vag and Vez pins. The 
internal reference generates 0.36 V at Vag and 1.56 V at Var. 
Providing external reference voltages allows easy interface to 
any input signal range between GND and Vpp. This also allows 
the system to adjust these voltages to cancel zero scale and full 
scale errors, or to change the input range as needed. 

The device operates from a single +5 volt supply. Power con- 
sumption is 35 mW (typ) at FS = 15 MHz. Power downis accom- 
plished by dropping Vat below 0.55 V. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP87L76 is available in sur- 
face mount (SOIC), shrink small outline (SSOP) and plastic 
dual-in-line (PDIP) packages. 


DVpp DVpp 
e@ e@ 


O DB7 (MSB) 


© DBO (LSB) 


CLK 


DB/-7 XN XN XN XN XN 
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ORDERING INFORMATION 
Package Temperature 
Range | aati | 


SOIC —40 to +85°C MP87L76AS 
| pp —40 to +85°C MP87L76AN 
SSOP —40 to +85°C MP87L76AQ 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DGND DGND 1 
DBO (LSB) DBO (LSB) 2 
DB1 DB1 3 
DB2 DB2 4 
DB3 DB3 5 
DB4 DB4 6 
DB5 DB5 7 
DB6 DB6 8 
DB7 (MSB) DB7 (MSB) 9 
DVpp DVpp 10 

20 Pin PDIP (0.300”) 20 Pin SOIC (Jedec, 0.300”) — S20 

N20 20 Pin SSOP — A20 
PIN OUT DEFINITIONS 


PINNO.| NAME _ DESCRIPTION 


Digital Ground 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 

Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 

Data Output Bit 6 

Data Output Bit 7 (MSB) 


PINNO.| NAME DESCRIPTION 
11. | CLK 


Sample Clock 

Digital Power Supply 
Generates 1.56 V if tied to Var 
Top Reference 

Analog Power Supply 

Analog Input 


Analog Ground 
Generates 0.36 V if tied to Vag 


oO AON DOO FP WwW NY — 


Bottom Reference 


aali 
oO 


Digital Power Supply Output Enable or DGND 


Vining f f TOM 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3 V, FS = 10 MHz (50% Duty Cycle), 


Vat = 1.56 V, Vag = 0.36 V, Ta = 25°C 
uns | restconsionsconnents_ 


Bits 
MHz 


KEY FEATURES 
LSB 
LSB 
mV 
mV 


Resolution 
Sampling Rate 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity 


Best Fit Line 
(Max INL — Min INL)/2 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 


Vrer = Vat— Vee 


wo<<< 


Ladder Temp. Coefficient p 

Self Bias 1 V Short Vpp to Vags 
and Vpz to Vrts 
Short Vpp to Vaps 


and Vrrz to Vats 
Vap=AGND, Shoit V_at and Vets 


Self Bias 2 


ANALOG INPUT2 


Bandwidth (-1 dB)4 
Input Voltage Range 
Input Capacitance Sample® 
Input Capacitance Convert? 
Aperture Delay 
Aperture Jitter 


Clock High 
Clock Low 


DYNAMIC PERFORMANCE? 


Signal to Noise Ratio 
Signal to Noise plus Distortion 
Harmonic Distortion 

Effective No. of Bits 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® 
CLK 
OE 
Input Capacitance 
Clock Timing (See Figure 6.)” 
Clock Period 
High Pulse Width 
Low Pulse Width 


Vin=DGND to DVpp 


For Specified Performance 
For Specified Performance 
For Specified Performance 


y Rev.i00 ff ff f TOM 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


DIGITAL OUTPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
3-state Leakage 

Data Valid Delay?: § 
Data Enable Delay?: ® 
Data 3-state Delay: § 
Pipeline Delay 


POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 
Current (AVpp + DVpp) 


POWER DOWN 


Power Down Point 
Power Up Point 
Power Down Current 
Power Control Delay 


Max Lainie | Test Conditions/Comments 


Cout=1 5 pF 


ILOAD =4mA 
lLloap = 4mA 
VouT=GND to DVpp 


Constant relationship between 
clock and output 


Does not include ref. current 


Chip goes to power down mode 
when Vat <0.55 V 

Does not include ref. current 
Vat @ 0.40.9 V 


NOTES 

Tester measures code transitions by dithering the voltage of the analog input (Vin). The difference between the measured and the 
ideal code width (Vper/256) is the DNL error (Figure 10.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 11.) Accuracy is a function of the sampling rate (FS). 

Guaranteed. Not tested. 

Specified values guarantee functionality. Refer to other parameters for accuracy. 

The bandwidth represents the gain of the ADC and does not imply accuracy 

See Vix input equivalent circuit (Figure 2.). Switched capacitor analog input requires driver with low output resistance. 

All inputs have diodes to Vpp and GND. Input DC currents will not exceed specified limits for any input voltage between 

GND and Vpp. 

7 — ta, te should be limited to >5 ns for best results. 

8 Depends on the RC load connected to the output pin. 

9 AGND and DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 
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Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted) 1: 2:3 


Vip tOGND scczsawcnannannd hans wnern ww wan ee 508 5.5 V Lead Temperature (Soldering 10 seconds) ........ 300°C 
VaeTG VAG ci cescasecnswuw ewan Vpp +0.5 to GND —0.5 V : : . 
Wii oachecuadduduvacedontesete Vpp +0.5 to GND -0.5 V Maximum Junction Temperature ................. 150°C 
PU WS ceeesxawvaesnceennn ae ee Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

All Outputs ................... Vpp +0.5 to GND —0.5 V BOS TIS, OO canissuiewheneeencenend 680 mW 
Storage Temperature ................... —65 to +150°C Derates above 75°C .................0000- 9 mW/°C 
NOTES: 


L Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and perce 
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THEORY OF OPERATION 


Analog to Digital Conversion 


The MP87L76 uses a two step, sub-ranging architecture to 
convert analog voltages into 256 digital codes. 


A full conversion (sampling Vij, converting MSB & LSB, and 
performing any error correction) requires 3 1/2 clock cycles to 
complete (see Figure 6.) The pipelined architecture allows the 
chip to maintain a one conversion per cycle sample rate. Digital 
logic combines the MSB and LSB data and performs error 
correction to produce 8-bit output codes. 


internal Reference Bias 


The MP87L76 includes two on-chip resistors that can be 
used to bias the reference ladder without external circuitry. 
These two resistors are designed to track the reference ladder 
and are used to create a voltage divider between the supplies 
(AVpp and AGND). 


To use this feature simply connect Vptz to Vats and connect 
Vrp to Vags. This will nominally generate: 
AVpp X (0.3/2.5) at VRB; and 
AV pp X (1.3/2.5) at Vat 
This will generate 0.36 V at Vag and 1.56 V at Vpz (see 
Figure 1.) Bypass capacitors on Vptz and Vpp are suggested to 
stabilize the ladder. 


If the internal reference pins Vats and/or Vags are not used 
they should be left unconnected. 


AVpp 
1.2 x Ri 
Vrats 
VAT 
Ri 
VRB 
VrRBS 
0.3 x Ri 
AGND 


Figure 1. Internal Reference Bias 


Transfer Characteristics 


The ideal ADC is a linear building block that has infinite 
bandwidth and no phase distortion. A real ADC, however, 
exhibits finite bandwidth and non-constant group delay 
characteristics as well as non-linear behavior due to the 
non-zero INL characteristic. When modeling the ADC as a 
linear element and a quantizer, the circuit shown in Figure 2. can 
be used in order to represent the ADC’s bandwidth. 


MP87L76 


CLK p20 0 
a en 
a 
7 PF Vor +V +| Lis 3 pF 12 pF 
2 _ 


AGND 


Figure 2. Input Equivalent Circuit 


Sample and Hold Timing 


The ADC’s internal sample and hold tracks the input signal 
when CLK is high. tap after the falling clock edge, the analog 
signal is sampled and held for conversion as seen in Figure 3. 


ye ee ee ee eee ee 


Figure 3. Sample and Hold Timing 


Output Enable (OE) 


The OE pin controls the state of the digital output drivers. 
When forced low, the drivers are active. When pulled high the 
drivers are 3-stated. Please note that the OE pin only controls 
the output drivers; the rest of the chip is still active. Therefore if 
the clock is running, the internal registers are updated even if the 
digital outputs are 3-stated (Figure 4.). 


Impedance 


Figure 4. Output Enable/Disable Timing Diagram 


Power Down Mode 


For systems that are battery powered, the MP87L76 has a 
power down feature to help extend battery life. When the 
voltage at the Vaz pin drops below 0.43 V, the chip goes into 
power down mode. In this state, conversions are halted, the 
outputs are 3-stated and Ipp drops to less than 100 pA. Then, 
when the voltage at the Vpz pin rises above 0.8 V, the chip will 
power up. Note that after power up, four clock cycles are 
required to get valid data at the digital outputs (see Figure 6.) 
One way to achieve power down is to disconnect or disable the 
buffer/amp driving V_z, and let the internal reference resistance 
pull Vay down. Remember, any bypass capacitors at Vpz will 


increase the time for Vpz to drop below 0.4 V. 
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APPLICATION NOTES 


Power Supplies and Grounding 


AVpp and DVpp should be connected to the sample power 
supply source (Figure 5.). The power supply (AVpp and DVpp) 
and reference voltage (Var & Vrp) pins should be decoupled 
with 0.1u.F and 10uF capacitors to GND, placed as close to the 
chip as possible. 


AGND and DGND pins are connected internally through the 
P-substrate. AGND and DGND pins should be connected 
together as close to the chip as possible. 


+5 V 
e@ 
0.1uF 
Clock ———>| CLK 
0 oe 
DB5 
MP87L76 pay Digital 
Analog VIN DB3 Outputs 
Input DB2 
DB1 


V 
ae DBO 
VRBS Or 


AGND__DGND 
Leesa 


Figure 5. Typical Circuit Connections 


The Analog Input 


When designing with the MP87L76, the following points can 
help optimize performance. 


1. Driving the analog input — The input impedance can be 
represented as a switched capacitor type input circuit, ie. the 
input impedance changes with the phase of the input clock. 
Figure 2. shows an equivalent input circuit. In many 
applications, the input impedance can be treated as 
capacitive. For fast signals and a high driving impedance, a 
wide bandwidth op amp is recommended. 


2. It is important to note that op amps have inductive output 
impedances at high frequencies which is a consequence of 
the emitter impedance of the typical push-pull output stage. 
The resulting transient ringing should be damped by 
inserting a resistor in series with the ADC input — typically 
about 509. See Figure 5. The exact value may be obtained 
from the op amp manufacturer’s data sheet. 


3. Signals should not exceed Vpp +0.5V or go below GND 
—0.5V. All pins have internal protection diodes that will 
protect them from short transients (See Note 2, Absolute 
Maximum Ratings) outside the supply range. 


Digital Outputs 


Refer to Figure 6. for details on the data availability timing. 
The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. The output enable pin (OE) should not be left 
unconnected. If it is not controlled by an active signal, it must be 
tied to ground. 


1/FS 
tpwi| tpwe 


N+1 N+2 
CLK 
bpp —————— PIPELINE DELAY 


Sample “N” 


Figure 6. Data Available Timing 


Dynamic Reference Control 


The MP87L76 allows for dynamically adjusted V_z and Vaz. 
When this is done, Vat and Vpp have to be kept static during a 
certain period. 


The A/D conversion is done in a two-step method. During the 
first clock period, the MSB comparator bank compares the Vij 
with the reference voltage string in order to determine in which 
subrange the exact Vij lies. During the subsequent clock 
period, an LSB comparator bank compares a subrange of the 
Vref to the Vin. Thus, the reference inputs have to be stable 
during two compare cycles. This implies that while the ADC is 
clocked with FS, the conversion only occurs at a rate of FS/2. 
Every second sample and resulting data must be discarded 
because the reference changes during its conversion. 


The reference inputs Vaz and Vpap have to have settled to 
within 1 LSB, at least 50 ns before the rising edge which occurs 
after the sampling instant. The reference has to be kept 
constant until (tap + 10 ns) after the second rising edge. See 
Figure 7. for timing details. The digital data of the N+ 1,N+3, N 
+ 5 etc. samples are invalid if the reference is changed every 
second clock cycle. The data forthe N,N+2,N+4etc. samples 
are valid. 


CLK 
10 ns + tap 
REFERENCE 50 ns 
DouT N-4 N-3 N-2 


Figure 7. Dynamic Reference Control 


TO)M 


5-54 


ie EXAR 
EEE EES 


LINEARITY DEFINITION 


The Ideal ADC 


The transfer function for an ideal A/D converter is shown in 
Figure 8. 


OUTPUT 
CODES 


1.5 * LSB 


0.5 * LSB 


Figure 8. Ideal A/D Transfer Function 


The first transition for the data bits takes place when: 
Vin = VO1 = Vag + 0.5 * LSB 

The last transition of the data bits takes place when: 
Vin = Ver = Vat — 1.5 * LSB 


where: LSB = Vpge / 256 
(Ver — VO1) / 254 
and Vrer = ( Vat — Vrp ) 


The Real ADC 


In a “real” converter, the code-to-code transitions do not fall 
exactly every VrgF/256 volts. 


A positive DNL (Differential Non Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A specification of Max DNL=+0.5LSB means that all codes 
are within 0.5 LSB and 1.5LSB. Forexample, if Va¢r = 4.096 V 
then 1 LSB = 16mV and every code width is between 8 and 24 
mv. 


OUTPUT 
CODES Ideal 


157 LSB 


Vap VO1 vo2 Vee Ver Ver 


Figure 9. Real A/D Transfer Curve 
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DNL LSB 
V(N+1) 
Analog 
Input 
V(N) 
Output 
Codes 


N+ 1 
aru ; 
N-1 
Figure 10. DNL Measurement 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) are: 


DNL (01) = VO2 —- VO1 —LSB 


DNL (FE) = Ver — Veg — LSB 

Thus DNL) = [ V(N+1) = VN) ] —LSB 

Code Width (N) = Vins) — Viny 

Similarly, the zero scale and full scale errors are defined as: 
EFS (full scale error) = Ver — (Vat — 1.5 * LSB) 

EZS (zero scale error) = VO1 — (Vag + 0.5 * LSB) 

where: LSB =[ Var —Vap]/ 256 

Figure 9. shows the zero scale and full scale error terms while 
Figure 10. shows the definition of DNL. 


Output 
Codes 


Best Fit Line 


Real Transfer Line 


Ideal Transfer Line 


EZS Analog Input (Volt) 
Figure 11. INL Error Calculation (3-Bit) 


Figure 11. gives a visual definition of the INL error. The graph 
shows a 3-bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 

After a tester has measured all the transition voltages, a line 
is drawn parallel to the ideal transfer line. By definition the best 
fit ine makes equal the positive and the negative INL errors. 
This may change an INL of —1 to +2 LSB’s relative to the ideal 


line into a +1.5 relative to the best fit line. 
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PERFORMANCE CHARACTERISTICS 
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Graph 3. DNL vs. Reference Voltage Graph 4. Supply Current vs. 


Sampling Frequency 


me 
ee 


a 
0 
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 
Vdd) 
Graph 5. Supply Current vs. Graph 6. Power Up/Down Voltage 
Supply Voltage vs. Supply Voltage 


Output Delay(ns) 
i) 


Ww 
i=) 


Tristate Delay(ns) 
Pm oN 
=> | UA 


— 
nr 


10 


Aperture Delay(ns) 
o 


nN 


Graph 8. Aperture Delay vs. Supply Voltage 


mill TN 
Vdd=3.3V TM 
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Graph 9. 3-State/Enable Delay vs. Graph 10. Gain vs. Input Frequency 
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FEATURES 


e 3.3 V Operation 

e 10-Bit Resolution 

e 2 MHz Sampling Rate 

e DNL = +1 LSB, INL = +2 LSB 

e Internal S/H Function 

e Vin DC Range: 0 V to Vpp 

e Veer DC Range: 1 V to Vpp 

e Low Power: 25 mW (typ) 

e Bipolar Range using RTS & RBS; +1.4 V to-1.4 V 


e R1 - R7 Reference Ladder Taps (1/8th — 7/8th points) 


e Aperture Delay Sync Signal 

e MINV & LINV Digital Output Format Controls 
e PHASE Control 

e Overflow and Underflow bits 

e Dual 3-State Controls (OE1 & OE2) 

e Three-State Digital Outputs 

e Latch-Up Free 


GENERAL DESCRIPTION 


The MP87L82 is a full featured 10 bit, 2 MSPS, 
Analog-to-Digital Converter for applications which require high 
speed and high accuracy and operate at 3.3 V. Designed using 
an advanced CMOS process, this part offers excellent 
performance, low power consumption and latch-up free 
operation. 


The MP87L82 uses a subranging architecture to maintain low 
power consumption at high conversion rates. Our proprietary 
comparator design achieves a low analog input capacitance. 
The input circuitry of the MP87L82 includes a S/H function and 
internal resistors that allow this part to digitize analog input 


ORDERING INFORMATION 


Package 
Type 


1/95 


Temperature DNL INL 
Range Part No. (LSB) (LSB) 


PaFP | ~40 to +85°C_| MP87L82AE 
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Low Voltage CMOS 
10-Bit 2 MHz 
Analog-to-Digital Converter 


APPLICATIONS 


e Digital Color Copiers 

e Digital Cellular Telephones 

e Precision CCDs and Scanners 
e Medical Scanners 

e Ultrasonics 

e Digital Radio 


BENEFITS 


e Simplified Analog Design 

e Rugged 

e Few External Components, no S/H Needed 
e Reduced Board Space 


signals between — Vrt to Vpp using a single supply. 
( Unipolar and Bipolar Conversion capability) 


The designer can choose the internally generated reference 
voltages, or provide external reference voltages to the Vag and 
Vat pins. The internal reference generates 0.6 V at Vpp and 2.4 
V at Var. Providing external reference voltages allows easy 
interface to any input signal range between AGND and AVpp. 
This also allows the system to cancel zero scale and full scale 
errors. The Reference Ladder taps (R1 to R7) can be used to 
externally trim any INL errors, or to shape the A/D converter 
transfer function. 


This device operates from a single 3.3 V supply +10%. 
Power consumption from a 5 V supply is typically 25 mW at 
Fo=5MHz. 


TOM 
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SIMPLIFIED BLOCK DIAGRAM 


AVpp AGND 


TRES1 


Comparators 


REF Ladder 


Vin Aperture CLK Phase 


PIN CONFIGURATIONS 


See Packaging Section for 33 23 
Package Dimensions 


See the following page 
for pin #s and 
descriptions 


Q44 


BOP kee SS 
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PIN OUT DEFINITIONS 


Vat Top of Ladder 

R7 Reference Ladder Tap @ 7/8 
R6 Reference Ladder Tap @ 3/4 
RS Reference Ladder Tap @ 5/8 
R4 Reference Ladder Tap @ 1/2 
AVpp Analog Power Supply 

AIn Analog Input 

AGND Analog Ground 

R3 Reference Ladder Tap @ 3/8 
R2 Reference Ladder Tap @ 1/4 
R1 Reference Ladder Tap @ 1/8 
Verss Bottom Bias Resistor Terminal 2 
N/C No Connection 

Vpp Bottom of Ladder 

Bres1 Bottom Bias Resistor Terminal 1 
DGND Digital Ground 

OE2 Output Enable 2 (Input, Active High) 
OFT Output Enable 1 (Input, Active Low) 
UFW Underflow (Output) 

DBO Data Output Bit 0 (LSB) 

DB1 Data Output Bit 1 

N/C No Connection 

DB2 Data Output Bit 2 

DB3 Data Output Bit 3 

DB4 Data Output Bit 4 

N/C No Connection 

PHASE Clock Polarity Control (Input) 
LINV Non MSB Digital Output Format (Input) 
MINV MSB Digital Output Format (Input) 
N/C No Connection 

DB5 Data Output Bit 5 

DB6 Data Output Bit 6 

DB7 Data Output Bit 7 

N/C No Connection 

N/C No Connection 

DB8 Data Output Bit 8 

DB9 Data Output Bit 9 (MSB) 

OFW Overflow (Output) 

CLK Clock Input 

Aperture Aperture Delay Sync (Output) 
DVpp Digital Power Supply 

Tres Top Bias Resistor Terminal 1 
Vats Top Bias Resistor Terminal 2 
N/C No Connection 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3 V, FS = 2 MHz (50% Duty Cycle), 
Vet = 2.4, Vrp = 0.6, TA = 25°C 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A, S Grades)! 


Differential Non-Linearity 
Integral Non-Linearity : Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 

Negative Ref. Voltage 

Differential Ref. Voltage? ; Vrer = Vat— Vas 
Ladder Resistance 

Ladder Temp. Coefficient 

Top Internal Reference Vert connected to Vats & 
Bottom Internal Reference Vrp connected to Vags 


ANALOG INPUT2 


Input Bandwidth (—1 dB)4# 

Input Voltage Range 

Input Capacitance Sample® 

Input Capacitance Convert® 

Aperture Delay 

Aperture Delay from Aperture Out 5pF Load 
Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE7, MINV, LINV 
(Internal Res to DGND)? 
OE2, Phase 
(Internal Res to DVpp)’ 
Input Capacitance 
Clock Timing (See Figure 1) 
Clock Period 
Rise & Fall Time® 
“High” Pulse Width 
“Low” Pulse Width 
Duty Cycle 


F Rev.20 f fF Ff 
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DIGITAL OUTPUTS Coy 15 oF 


Logical “1” Voltage . ILoap = 1 MA 

Logical “0” Voltage ; lLoaD = 1 mA 

3-state Leakage VouT=DGND to DVpp 
Data Valid Delay? 

Data Enable Delay 

Data 3-state Delay 


Operating Voltage (AVpp, DVpp)” 
Current (AVpp + DVpp) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (VpeF/1024) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (FS). 


2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 -1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vin equivalent circuit (Figure 8.). Switched capacitor analog input requires driver with low output resistance. 

6 All inputs have diodes to DVpp and DGND. Input OE has internal pull down. Input DC currents will not exceed specified limits for any 
input voltage between DGND and DVpp. 

7 Internal resistor to DGND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

9 The AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 

10 DVpp and AVpp pins should go to the same voltage and be separately decoupled. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2 3 


VenIO GND cecnscandvnevedseneunneciveness sos +5.5 V Storage Temperature ................0.. —65 to +150°C 
RTS & RBS terminals .......... Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

Vill sence e eweeieteeedeaxae aes Vpp +0.5 to GND —0.5 V POPP cigiegsvuwcsitveacanedeanwicaud exe es 800 mW 
All Inputs ........-....0.e000. Vpp +0.5 to GND —0.5 V Derates above 75°C ......... cece eee eee 11mW/°C 
Al OUGUIE tx acudiexcsecensK ee Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 
2 He input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
oe ce the supplies of less than 100mA for less than 100us. 
3. Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP87L82 Timing Diagram 


OE 


DATA 


(DBO-DB9) 
High _ 


Impedance 


Figure 2. 3-State Timing Diagram 


Output 
DNL| 7 LSB Codes Best Fit Line 
V(N+1) . 
Real Transfer Line 
Analog 6 
Input 
V 
(N) 5 
Output N+ 4 
Codes N 
N—-1 3 Ideal Transfer Line 
Code Width (N) = V(N+1) -— Vn) 2 
LSB =[ Vat — Vrp]/ 1024 
1 
DNL(ny = [ Vinet) — Vin) ] -— LSB / 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
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APPLICATION NOTES 


Vin signals should not exceed AVpp +0.5V or go below 
AGND -0.5V. All pins have internal protection diodes that will 
protect them from short transients (<100us) outside the supply 
range. 


AGNE and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (AVpp) and reference voltage (Vat & Vrp) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 


MP87L82 


DAC MP7228 


Only the Ladder detail shown. 


Figure 5. A/D with Programmed Ladder Control for 
Creating a Piecewise Linear Transfer Function 
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Digital 
Code °12 


MP87L82 


Capacitive coupling and reflections will contribute noise to the 
conversion. 


The application resistors, RTS and RBS, protection allows for 
applied voltages in the range of AVpp + 5 V to AGND — 5V. If the 
internal reference pins Vpats and/or Vags are not used they 
should be left unconnected. 


The reference tap pins (R1-R7) should be decoupled with 
0.1uF to 1uF capacitors. This will help stabilize the internal 
reference voltages thus reducing any INL errors. 


The reference tap pins (R1-R7) can be used to create 
piecewise-linear transfer functions. By forcing custom voltages 
on these pins, an eight segment transfer function can be made. 
See Figure 5. and Figure 6. 


1023 


768 


256 


Figure 6. A Piecewise Linear, 
Logarithmic Transfer Function 
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OPTIONS on the MP87L82 DIE & OPERATION NOTES: 


OFW & UFW Overflow & Underflow (outputs) 


These signals indicate when the Analog Input (Vij) goes 
outside the Vag to Vat range. Both pins are normally at low logic 
levels. When Vix > Vat, OFW will go high and the data bits (DBO 
— DB9) will show full scale (i.e. all 1s if MINV & LINV are low). 
When Vin < Vag, UFW will go high and the data bits will show 
negative full scale (i.e. all Os if MINV & LINV are low). 


OE1 & OE2 Output Enable (inputs) 


These signals control the 3-state drivers on the digital outputs 
DBO — DB9, OFW and UFW. During normal operation OE1 
should be held low and OE2 should be held high so that all 
outputs are enabled (NOTE: internal resistors will pull OE1 and 
OE2 to these levels if they are not connected). When OE7 is 
driven high DBO — DB9 go into high impedance mode. When 
OE2 is driven low DBO — DBY, OFW and UFW all go into high 
impedance mode (please refer to the truth table below). These 
controls operate asynchronous to the clock and they only 
control the output drivers. The internal output register will get 
updated if the clock is running while the outputs are in 3-state 
mode. 


a 


a 
a 
a 


PHASE Clock Polarity Control (input) 


This signal controls the phase relationship between the 
signal applied at the CLK pin and the internal clock signals. 
When PHASE is high, Vin is sampled at the high to low CLK 
transition and the digital data changes after a low to high CLK 
transition. When PHASE is low, Vij is sampled at the low to high 
CLK transition and the digital data changes after a high to low 
CLK transition. See timing diagram Figure 7. PHASE has an 
internal pull up device. 


Phase = High 


Sample 


CLK | | Compare | | 


Phase = Low 
Compare 


CLK | | Sample | | 


Figure 7. Clock Phase iieinaieee 


APERTURE Aperture Delay Sync (output) 


This signal is high when the internal sample/hold function is 
sampling Vjj, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference 
ladder). The value of Viy at the high to low transition of 
APERTURE is the value that will be digitized. A system can 
monitor this signal and adjust the CLK to accurately synchronize 
the sampling point to an external event. 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. The diagram Figure 8. shows an equivalent input 


circuit. 
OL 18pF 1002 
VIN 
CL 
Vat +Vap tf ov CL 
AGND 


Figure 8. Equivalent Input Circuit 


MINV & LINV Digital Output Format (inputs) 


These signals control the format of the digital output data bits 
DBO —DB9 (see Table 1.) Normally both pins are held low so the 
data is in straight binary format (all Os when Vijy=Vpp; all 1s 
when Vin=Vart). If MINV is pulled high then the MSB (DB9) will 
be inverted. If LINV is pulled high, then the LSB’s (DBO — DB8) 
will be inverted. The OFW and UFW bits are not affected by 
these signals. 


TOM 
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binary 


inverted 
2’s complement 


MP87L82 


inverted 
binary 


2’s complement 


Table 1. Output Data Format Truth Table 


MINV & LINV are meant to be static digital signals. If they are 
to change during operation they should only change when the 
CLK is low (assuming PHASE is high, if PHASE is low then 
these signals should only change when CLK is high). Changing 
MINV and/or LINV on the wrong phase of the CLK will not hurt 
anything, but the effects on the digital outputs will not be seen 
until the output latch of the output register is enabled. Please 
see the simplified logic circuit Figure 9. MINV and LINV have 
internal pull down devices. 


MINV or LINV 


DBO-DB9 


3-state 
driver 


CLK 


Phase 


Figure 9. MINV, LINV Simplified Logic Circuit 


RTS & RBS Internal Bias Resistors 


Two matched resistors are provided on the chip. These 
resistors can be used to generate on chip reference voltages, or 
to extend the analog input range. Each resistor has a value 
equal to 1/3 of the reference ladder resistor. By connecting RTS 
between AVpp (3 V) and Vpz, and connecting RBS between 
AGND and Vpgp, the reference ladder will be biased to 0.6 V at 
Vrp and 2.4 V at Var. 


A bipolar input range (+Vprz to —V_t) can be achieved by 
connecting RTS and RBS as shown in Figure 10. Due to 
current density limitations for RTS and RBS, Va_r should be 
limited to +1.4 volts in this configuration. The protection iat 


y Rev 20 fF fF fF f 
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used for the resistor terminals are designed to allow voltages 
that go beyond the supply rails. 


VaT 
RTS 
Vin Ladder 
RBS 
VRB 
Bipolar = 
Input ~ 


Ladder 


Bipolar 
Input 


Figure 10. Bipolar Input Configuration 


R1 thru R7 Reference Ladder Taps. These taps connect to 
every eighth point along the reference ladder; R1 is 1/8th up 
from Vprp, R7 is 7/8ths up from Vag (or 1/8th down from Vprz). 
Normally these pins should have 0.1 uF capacitors to AGND, 
this helps reduce the INL errors by stabilizing the reference 
ladder voltages. These taps can also be used to alter the 


transfer curve of the ADC. An eight segment, piece wise linear, 
custom transfer curve can be designed by connecting voltage 
sources don these pins. 
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PERFORMANCE CHARACTERISTICS 
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Graph 4. DNL Error Plot 


Graph 3. Power Supply Current vs. 
Sampling Frequency 
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FEATURES 


e 3.3 V Operation 

e 10-Bit Resolution 

e 2 MHz Sampling Rate 

e DNL = +1 LSB, INL = +2 LSB 
e Internal S/H Function 

e Vin DC Range: 0 V to Vpp 

e Veer DC Range: 1 V to Vpp 
e Low Power: 25 mW (typ) 

e Three-State Digital Outputs 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP87L84 is a 10-bit, 2 MSPS Analog-to-Digital 
Converter for applications that require high speed and high 
accuracy. Designed using an advanced CMOS process, this 
part offers excellent performance, low power consumption and 
latch-up free operation. 


The MP87L84 uses a subranging architecture to maintain low 
power consumption at high conversion rates. Our proprietary 
comparator design achieves a low analog input capacitance. 
The input circuitry of the MP87L84 includes an on-chip S/H 
function that allows this part to digitize analog input signals 
between AGND and AVpp. 


SIMPLIFIED BLOCK DIAGRAM 


MSB 
L Comparators 
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Low Voltage CMOS 
10-Bit 2 MHz 
Analog-to-Digital Converter 


APPLICATIONS 


e Digital Color Copiers 

e Digital Cellular Telephones 

e Precision CCDs and Scanners 
e Medical Scanners 

e Ultrasonics 

e Digital Radio 


BENEFITS 


e Simplified Analog Design 

e Rugged 

e Few External Components, no S/H Needed 
e Reduced Board Space 


The designer can choose the internally generated reference 
voltages, or provide external reference voltages to the Vag and 
Vat pins. The internal reference generates 0.6 V at Vag and 2.4 
V at Vaz. Providing external reference voltages allows easy 
interface to any input signal range between GND and Vpp. This 
also allows the system to cancel zero scale and full scale errors. 
The Reference Ladder taps (R1 to R3) can be used to externally 
trim any INL errors. 


This device operates from a single 3.3 V supply. Power 
consumption from a 3.3 V supply is typically 25 mW at Fs=2 
MHz. 


DB9 (MSB) 
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ORDERING INFORMATION 


Package Temperature INL 
Type Range (LSB) 
Plastic Dip_| ~40to+85°C | _ MP87Le4AN 
SOIC MP87L84AS 


PIN CONFIGURATIONS 


OE DGND OE 
DBO (LSB) Vap DBO (LSB) 
DB1 Vres DB1 
DB2 R1 DB2 
DB3 AGND DB3 
DB4 VIN DB4 
DB5 AVpop DB5 
DB6 R2 DB6 
DB7 R3 DB7 
DB8 Vat DB8 
DB9 (MSB) Vats DB9 (MSB) 
CLK DVpp CLK 


24 Pin PDIP (0.300”) 
NN24 


PIN OUT DEFINITIONS 


LPINNO.| NAME _ DESCRIPTION 


OE Output Enable 

DBO Data Output Bit 0 (LSB) 
DB1 Data Output Bit 1 

DB2 Data Output Bit 2 

DB3 Data Output Bit 3 

DB4 Data Output Bit 4 

DB5 Data Output Bit 5 

DB6 Data Output Bit 6 

DB7 Data Output Bit 7 

DB8 Data Output Bit 8 

DB9 Data Output Bit 9 (MSB) 
CLK Clock Input 
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1 
2 
3 
4 
5 
6 
7 
8 
9 


See Packaging Section for Package Dimensions 


DGND 
VRB 
VrBs 


AGND 


24 Pin SOIC (Jedec, 0.300”) 


S24 


Digital Power Supply 
Top Internal Reference 
Top of Reference 

3/4 Reference Tap Point 
1/2 Reference Tap Point 
Analog Power Supply 
Analog Input Voltage 


Analog Ground 


1/4 Reference Tap Point 
Bottom Internal Reference 
Bottom of Reference 


Digital Ground 


TOM 


Z EXAR | MP87L84 


ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3 V, FS = 2 MHz (50% Duty Cycle), 
Vet = 2.4, Vrp = 0.6, TA = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage 
Negative Ref. Voltage 
Differential Ref. Voltage? 
Ladder Resistance 
Ladder Temp. Coefficient? 
Top Internal Reference 
Bottom Internal Reference 


Vrer = Vat — Veap 


TC 


Vert connected to Vats & 
Vrp connected to Vags 


=. B= = 5 


ANALOG INPUT 


Input Bandwidth (—1 dB)4# 
Input Voltage Range 

Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay 

Aperture Uncertainty (Jitter) 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
DC Leakage Currents® Vin=DGND to DVpp 
CLK 
OE (Internal Res to DGND)’ 
Input Capacitance 
Clock Timing (See Figure 7) 
Clock Period 
Rise & Fall Time® 
“High” Pulse Width 
“Low” Pulse Width 
Duty Cycle 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage lLoap = 1MA 

Logical “O” Voltage lLoap = 1MA 

3-state Leakage VouTt=DGND to DVpp 
Data Valid Delay? 

Data Enable Delay 

Data 3-state Delay 


Viin20f J 7 g 
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POWER SUPPLIES 


Operating Voltage (AVpp, DVpp)? 
Current (AVpp + DVpp) 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (Vp_g-/1024) is the DNL error (Figure 3.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 4.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 —1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vin equivalent circuit (Figure 8.). Switched capacitor analog input requires driver with low output resistance. 

6 All inputs have diodes to DVpp and DGND. Input OE has internal pull down. Input DC currents will not exceed specified limits for any 
input voltage between DGND and DVpp. 

7 Internal resistor to GND biases unconnected input to active low logical level. 

8 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

9 The AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Mir WO) cease cues esusssedsteeseuarseansees +5.5 V Storage Temperature ................... —65 to +150°C 
VAT & VeaB Oe WOR Ao wwe wen we ees ors Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating 16:75°C 

UA prawmiececestenestydenaanne Vpp +0.5 to GND —0.5 V POI ale wax en ekceaCinn pew near panvesaa ss 1000 mW 
PUGS oi cucancconsse cone Vpp +0.5 to GND -0.5 V Derating above 75°C ..... 6.6... eee eee 13mW/"C 
PU OUIDUIS. occ ceoweeseenevevn Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

e Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Pipeline Delay 


N+1 


Analog 
Input 
VIN 


A sampling A 


Points 


Deo} ( N=-1 
(DB0-DB9) N-3 N-2 ) N= N+ 


OE 
DATA 
(DBO-DB9) 
High 
Impedance 
Figure 2. 3-State Timing Diagram 
Output 
DNL| ‘LSB Codes Best Fit Line 
V 7 
ville Real Transfer Line 
Analog 6 
Input 
VN) P 
Output isl 4 
Codes N 
N—4 3 Ideal Transfer Line 
Code Width (N) = V(nat) — Vin) 2 
LSB = [ Vat—Vpp]/ 1024 
1 
DNL) = [ V(N+1) -_ V(N) ] —-LSB V4 
7 
EZS Analog Input (Volt) 
Figure 3. DNL Measurement Figure 4. INL Error Calculation 
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0.1uF 
Analog 
Input 
Digital 
Outputs 
R3 
mps7L84 DB2 
DB1 
R2 DBO 
Sample 
Cy Clock 


+3V 
OO) 
0.1pF 
Analog 
Input 
V4 
Digital 
V3 Outputs 
MP87L84 
Vo R2 
Vy 
Sample 
Clock 
C1-Cy4 = 0.1uF 


V4 >V3>Vo>V1>GND 


Figure 6. Creating a Piecewise Linear 
Transfer Function 


1023 


768 


Digital 
Code 
256 


3V 


1V 2V 4V 
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Figure 7. A Piecewise Linear, 
Logarithmic Transfer Function 
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APPLICATION NOTES 

Signals should not exceed AVpp +0.5V or go below AGND 
—0.5V. All pins have internal protection diodes that will protect 
them from short transients (<100us) outside the supply range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (AVpp) and reference voltage (V_t & Vag) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
Capacitive coupling and reflections will contribute noise to the 
conversion. 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Figure 8. shows an equivalent input circuit. 


AVpp 


18pF 1002 


VIN 


AGND 


Figure 8. Equivalent Input Circuit 


RTS & RBS Internal Bias Resistors 


Two matched resistors are provided on the chip. These 
resistors can be used to generate on chip reference voltages. 
Each resistor has a value equal to 1/3 of the reference ladder 
resistor. By connecting RTS to V_z, and connecting RBS to Vag, 
the reference ladder will be biased to 0.6 V at Vpp and 2.4 V at 


Var. 


If the internal reference pins Vats and/or Vapgs are not used 
they should be left unconnected. 


Ri thru R3 Reference Ladder Taps 


These taps connect to every eighth point along the reference 
ladder; R1 is 1/4th up from Vpp, RS is 3/4ths up from Vpap (or 
1/4th down from Ver). Normally these pins should have 0.1 
micro farad capacitors to Vss, this helps reduce the INL errors 
by stabilizing the reference ladder voltages. These taps can 
also be used to alter the transfer curve of the ADC. A four 
segment, piecewise linear, custom transfer curve can be 
designed by connecting voltage sources to these pins. 
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FEATURES 


e 3.3 Volt Operation 

e 8-Bit Resolution 

e DNL = +1/2 LSB, INL = +1 LSB (typ) 

e Internal S/H Function 

e Vin DC Range: 0 V to Vpp 

e Vrer DC Range: 1 V to Vpp 

e Low Power: 25 mW typ. (excluding reference) 
e Latch-Up Free 


GENERAL DESCRIPTION 


The MP87L85 is an 8-bit Analog-to-Digital Converter that 
operates at 3.3 V. Designed using an advanced CMOS process, 
this part offers excellent performance, low power consumption 
and latch-up free operation. 


This device uses a two-step flash architecture to maintain low 
power consumption at high conversion rates. The input circuitry 
of the MP87L85 includes an on-chip S/H function which allows 
the user to digitize analog input signals between GND and Vpp. 
Careful design and chip layout have achieved a low analog input 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 
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MP87L85 


Low Voltage CMOS 
8-Bit High Speed 
Analog-to-Digital Converter 


APPLICATIONS 


e Digital Radio 

e Cellular Telephones 

e CCD’s and Scanners 

e Hand Held and Battery Powered 
Data Acquisition 


capacitance. This reduces “kickback” and eases the require- 
ments of the buffer/amplifier used to drive the MP87L85. 


The designer can choose the internally generated reference 
voltages by connecting Vpp to Vags and Vez to Vats, or provide 
external reference voltages to the Vag and Vpz pins. The 
internal reference generates 0.4 V at Vag and 1.72 V at Vpr. 
Providing external reference voltages allows easy interface to 
any input signal range between AGND and AVpp. This also 
allows the system to adjust these voltages to cancel zero scale 
and full scale errors, or to change the input range as needed. 


The device operates from a single +3.3 V supply +10%. 
Power consumption is 35 mW maximum at FS = 10 MHz. 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range Part No. (LSB) (LSB) 


SOIC (EIAJ) | —40t0+85°C | MP87L85AR +1/2 
On 


SOIC (Jedec —40 to +85°C MP87L85AS +1/2 142 


Plastic Dip (0.300”) | —40 to +85°C MP87L85AN +1/2 11/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


OE DGND OE ; DGND 
DGND Vrp DGND Vrs 
DBO (LSB) Vass DBO (LSB) 3 Vass 
DB1 AGND DB1 4 AGND 
DB2 AGND DB2 5 AGND 
DB3 VIN DB3 6 VIN 
DB4 AVop DB4 7 AVpp 
DBS Vat DB5 8 Vat 
DB6 Vats DB6 9 Vats 
DB7 (MSB) AVop DB7 (MSB) 10 AVpp 
DVpp AVpp DVpp uN AVpp 
CLK DVpp CLK i DVpp 
24 Pin PDIP (0.300”) 24 Pin SOIC EIAu (0.300”) — RN24 
NN24 & Jedec (0.300”) — S24 


PIN OUT DEFINITIONS 


| PINNO.| NAME DESCRIPTION _ PIN NO. } NAME | DESCRIPTION 
1 OE 13 


Output Enable Digital Power Supply 

Digital Ground Analog Power Supply 

Data Output Bit 0 (LSB) Analog Power Supply 

Data Output Bit 1 Generates 1.72 V if tied to Vat 
Data Output Bit 2 Top Reference 

Data Output Bit 3 Analog Power Supply 

Data Output Bit 4 Analog Input 

Data Output Bit 5 Analog Ground 

Data Output Bit 6 Analog Ground 

Data Output Bit 7 (MSB) c Generates 0.4 V if tied to Vaz 


- O© DAN OO fF W ND 


— 
= 


Digital Power Supply Bottom Reference 


par 
NO 


Sampling Clock Input Digital Ground 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3.3 V, FS = 6 MHz (50% Duty Cycle), 
Ver = 2.5 V, Vag = 0.5 V, Ta = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 


REFERENCE VOLTAGES 


Differential Ref. Voltage? Vrer = Vat— Ves 
Ladder Resistance 
Ladder Temp. Coefficient 
Self Bias 1 
Short Vpp and Vaps 
Short Vat and Vats 
Self Bias 2 
Vrs = AGND, 
Short Vaz and Vats 


ANALOG INPUT 


Input Bandwidth (—1 dB)4 
Input Voltage Range 
Input Capacitance® 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

DC Leakage Currents® Vin=DGND to DVpp 
CLK 

Input Capacitance 

Clock Timing (See Figure 1.)’ 
Clock Period 

High Pulse Width 

Low Pulse Width 


DIGITAL OUTPUTS Goy=15 pF 


Logical “1” Voltage lLoap = 1 MA 

Logical “0” Voltage ILoaD = 1 MA 

3-state Leakage VouT=DGND to DVpp 
Data Valid Delay 

Data Enable Delay 

Data 3-state Delay 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


el 
| pescripuon _ yee ee Conditions — 


POWER SUPPLIES 


Operating Voltage 
Current Does not include ref. current 


Rates 
Tester measures code transitions by dithering the voltage of the analog input (Vin). The difference between the measured and the 
ideal code width (Vp_gF/256) is the DNL error (Figure 2.). The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage (Figure 3.). Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4-1 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 See Vix input equivalent circuit (Figure 4.). Switched capacitor analog input requires driver with low output resistance. 

6 Allinputs have diodes to DVpp and DGND. Input DC currents will not exceed specified limits for any input voltage between 
DGND and DVpp. 

7 tp, te should be limited to >5 ns for best results. 

8 AGND & DGND pins are connected through the silicon substrate. Connect together at the package and to the analog ground plane. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


VOOM soec ees cadsceereedius eenvenewaed ans 5.5 V Storage Temperature ................... —65 to +150°C 
Ver ® Vie nccsceescuenweraeuns Vpp +0.5 to GND -0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
VOl #6002025 c0secavetédacccut Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

PU INDUS ic cece awcnevotvesedas Vpp +0.5 to GND —0.5 V 1) | oi | a 850 mW 
All Outputs ....ccccncceevnaea Vpp +0.5 to GND —0.5 V Derates above 75°C ................0005. 11 mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

e Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 2. DNL Measurement 
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Figure 4. Equivalent Input Circuit 
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Figure 3. INL Error Calculation 
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APPLICATION NOTES 


Signals should not exceed AVpp +0.5V or go below AGND 
—0.5V or DVpp +0.5 V or DGND -0.5 V. All pins have internal 
protection diodes that will protect them from short transients 
(<100s) outside the supply range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (AVpp) and reference voltage (Vat & Vrp) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 


capacitive coupling and reflections will contribute noise to the 
conversion. 


It is possible for the data valid delay (tp,_) to be equal to or 
greater than the high pulse width of the sampling clock (tpwy), 
See Figure 1. This can cause timing related errors. For sample 
rates above 14 MSPS use only the rising edge of the sample 
clock (CLK) to latch data from the MP87L85 to other parts of the 
system. 

The reference can be biased internally by shorting Vpr to 
Vats and Vapto Vaps. This will generate 0.36 V at Vap and 1.56 
V at Vaz (see Figure 5.). 


If the internal reference pins Vats and/or Vaps are not used 
they should be left unconnected. 


PERFORMANCE CHARACTERISTICS 
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FEATURES 


e 3.3 V Operation 

e 12-Bit ADC with DNL = +1 LSB, INL = +2 LSB 

e Sampling Frequency 1 MHz (typ) 

e Rail-to-Rail Input Range 

e Vper Range: 1.5 V to Vpp 

e CMOS Low Power: 25 mW (typ) 

e 1/4, 1/2 and 3/4 Scale Reference Resistor Taps 
e Three-State Outputs 


e Binary and Two’s Complement Digital Output Mode 


GENERAL DESCRIPTION 

The MP87L91 is a monolithic 1 MSPS 12-bit 2-step flash 
Analog-to-Digital Converter with DNL = +1 LSB and INL = +2 
LSB. The MP87L91 contains an internal track and hold. 

The MP87L91 operates with a single 3.3 V supply while 


consuming less than 25 mW of power (typical). Separate pins 
for reference ladder terminals and power supplies allow 
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MP87L91 


Low Voltage CMOS 12-Bit 
High Speed Analog-to-Digital Converter 
with Parallel Logic Interface Port 


APPLICATIONS 


e Instrumentation 

e Medical Imaging 

e Ultrasound 

e Magnetic Resonance Signal 
Acquisition 

e Digital Oscilloscopes 

e Spectrum Analysis 


flexibility for various Ajj, AVrRes, and power supply ranges. 


Data is presented at the parallel output port every clock cycle 
after a 2.5 cycle pipeline delay from sample edge. Also, the 
digital output port is equipped with a 3-state function. MINV 
enables binary and 2’s complement data formatting. Through 
pins R1-R3, transfer function adjustment, linearity, and speed 
enhancement can be accommodated. 


». ® DBO-DB11 


Clock | Clock Logic| 


DGND 
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ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


[por | -aotoves’c | wesnorn | 1 | ai 
SOIC -4010+85°C_| MP87L91AS 21/2 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


DB10 


DB11 1 DB10 
DBS AGND 2 DB9 
DB8 Ang 3 DBS 
DB? AVpp 4 DB7 
DB6 R2 5 DB6 
CLK R3 6 CLK 
OE Rt 7 OE 
Aperture Veep 8 Aperture 
DGND Vier 9 DGND 
DVop AVpp DVpp 
DBS AGND DBS 
DB4 MINV DB4 
DB3 DBO DB3 
DB2 DB1 DB2 

28 Pin PDIP (0.600”) 28 Pin SOIC (EIA, 0.335”) 
N28 R28 


PIN OUT DEFINITIONS 


Data Output Bit 11 (MSB) Data Output Bit 2 

Analog Negative Supply DB3 Data Output Bit 3 

Analog Input DB4 Data Output Bit 4 

Analog Positive Supply DB5 Data Output Bit 5 

Ref. Resistor Ladder Tap (1/2 Vref) DVpp Digital Positive Supply 

Ref. Resistor Ladder Tap (3/4 Vref) DGND Digital Negative Supply 

Ref. Resistor Ladder Tap (1/4 Vref) Aperture Delayed Clock, indicates sample point 


ON DOO FPF WO DY — 


Negative Reference Output Enable (Active Low) 


© 


Positive Reference Clock 


— 
i=) 


Analog Positive Supply Data Output Bit 6 


sb 
—_ 


Analog Negative Supply Data Output Bit 7 
Invert MSB (Active High) Data Output Bit 8 
Data Output Bit 0 (LSB) Data Output Bit 9 
Data Output Bit 1 Data Output Bit 10 


= oe 
- W DY 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp = 3 V, FS = 1 MHz (50% Duty Cycle), 
Vert = 3.0 V, Vag = AGND, TA = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+4) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? Vrer 
Ladder Resistance Ry 


ANALOG INPUT 


Input Voltage Range 

Input Capacitance Sample® 
Input Capacitance Convert® 
Aperture Delay from Clock 


Aperture Delay from Aperture Aperture pin load 5 pF. 
Signal Measured at 50% point. 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents © Vin=DGND to DVpp 

CLK, OE, MINV 
Input Capacitance 
Clock Timing 

Clock Period 

Rise & Fall Time” 

“High” Time 

“Low” Time 

Duty Cycle 


DIGITAL OUTPUTS Coyt=15 pF 


Logical “1” Voltage lLloap = 1 mA 

Logical “0” Voltage lLloap=1MA 

3-state Leakage VouT=DGND to DVpp 
Data Valid Delay? 

Data Enable Delay 

Data 3-state Delay 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


Parameter 


POWER SUPPLIES® 
(Tmin to Tmax) 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS 


Signal Noise Ratio 


NOTES 

1 Tester measures code transitions by dithering the voltage of the analog input (Vij). The difference between the measured and the 
ideal code width (V_a¢F/4096) is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage. Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4 -3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5 Switched capacitor analog input requires driver with low output resistance. 

6 All inputs have diodes to DVpp and DGND. Input(s) OE and MINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. 

7 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

8 AGND & DGND pins are connected through the silicon substrate. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)!: 2: 3 


MiG 10 GND: coccwedueenddee rouse enesdeorsusees- 5.5 'Y Storage Temperature ................... —65 to +150°C 
Vera) & Vari tas ces ee cee Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
WEG clecveneeeeeaawausesteaues Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

All Inputs ...........00e.0ee ee. Vpp +0.5 to GND -0.5 V PDIP, SOIC 1.00... cece cece e eee e cece 1050mW 
AU OURUIS  cccasieycesasiwaenon Vpp +0.5 to GND —0.5 V Derates above 75°C ..................00. 14mW/°C 
NOTES: 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 2. 3-State Timing Diagram 


OVERVIEW OF THE MP87L91 PINS & OPERATION NOTES 


OE: Output Enable (Input) 


This signal controls the 3-state drivers on the digital outputs 
DBO - DB11. During normal operation OE should be held low so 
that all outputs are enabled (NOTE: an internal resistor will pull 
OE to this level if it is not connected). When OE is driven high 
DBO - DB11 goes into high impedance mode. This control oper- 
ates asynchronously to the clock and only controls the output 
drivers. The internal output register will get updated if the clock 
is running while the outputs are in 3-state mode. If possible, OE 
should be in 3-state during Clock = 1 to reduce digital noise cou- 
pling into Ajj during the sample time. Aperature provides a con- 
venient control for this purpose since it guarantees that the Ajj 
sample period is complete when the outputs are enabled. 


APERTURE: Aperture Delay Sync (Output) 


This signal is high when the internal sample/hold function is 
sampling Vin, and goes low when itis in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 
der). The value of Vjj at the high to low transition of APERTURE 
is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. The Aperature pin may also be used 


5-89 


to control the OE (outputs between 3-state and active mode). 
This will reduce the errors introducted by digital output coupling 
during the Ajy sample time. 


MINV: Digital Output Format (Input) 


This signal controls the format of the digital output data bits 
DBO — DB11. Normally it is held low so the data is in straight 
binary format (all 0’s when Vy = Vag; all 1’s when Vixy = Var). If 
MINV is pulled high then the MSB (DB11) will be inverted. 


MINV is meant to be a static digital signal. If it is to change 
during operation it should only change when the CLK is low. 
Changing MINV on the wrong phase of the CLK will not hurt any- 
thing, but the effects on the digital outputs will not be seen until 
the output latch of the output register is enabled. MINV has a 
internal pull down device. This function is not available in the en- 
gineering sidebraze samples. For these samples, this pin must 
be tied to GND. 


Vin: Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 


input clock. 
SS T@)M 
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Ri, R2, R3: Reference Ladder Taps 


These taps connect to every 1/4 point along the reference 
ladder; R1 is 1/4th up from Vap, R3 is 3/4ths up from Vap (or 
1/4th down from Vat). Normally these pins should have 0.1 mi- 
crofarad capacitors to Vsg, this helps reduce the INL errors by 
stabilizing the reference ladder voltages. 


These taps can also be used to alter the transfer curve of the 
ADC. A4segment, piecewise linear, custom transfer curve can 
be designed by connecting voltage sources to these pins. 


PERFORMANCE CHARACTERISTICS 
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This may be desirable to make the probability of codes for a 
certain range of Vj be enhanced or minimized. 


Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 

The internal interconnect resistance from each of the tap pins 
to the ladder is less than 3Q. 

1.6V maximum per tap is recommended for applications 
above 85°C. For operation less than 85°C up to 3.2 V per tap 
can be utilized. 


oma 
|| VDD=3V, Fs=1MHz 
[| VRT=3V,VRB=0V 


DNL (LSB) 
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Graph 2. DNL Error Plot 
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FEATURES 


e 3.3 V Operation 

e 12-Bit ADC with DNL = +1 LSB, INL = +2 LSB 

e Sampling Frequency 1 MHz (typ) 

e Rail-to-Rail Input Range 

e Veer Range: 1.5 V to Vpp 

e CMOS Low Power: 25 mW (typ) 

e Spaced Ladder Taps for Non-Linear Transfer 
Function Creation 


e Binary and Two’s Complement Digital Output Mode 


e Serial Port 

e Underflow Outputs 

e Precision Aperture Output 
e Latch-Up Proof 


GENERAL DESCRIPTION 


The MP87L92 is a 12-bit 2-step high speed Analog-to-Digital 
Converter with DNL =+1 LSB and INL=+2LSB. The MP87L92 
contains an internal track and hold which allows for analog input 
signals as fast as 1 MHz and can convert signals ata 1 MSPS 
rate. 


The MP87L92 operates with a single supply at +3.3 V. 
Separate pins for reference ladder terminals and power supplies 


ORDERING INFORMATION 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


soic___| 4010 +85°C_| Mps7L92as 
| ppip__ ~40t0+85°C | MPe7Lo2aN 


MP87L92 


Low Voltage CMOS 12-Bit 
High Speed Analog-to-Digital Converter 
with Serial Logic Interface Port 


APPLICATIONS 


e Instrumentation 

e DAS 

e Radar 

e Medical Imaging 

e Ultrasound 

e Broadcast and Studio Video 

e Magnetic Resonance Signal 
Acquisition 

e Digital Oscilloscopes 

e Spectrum Analysis 

e Digital Radio 


allow flexibility for various Ajj, AVper and power supply ranges. 


Data is presented at the output port every clock cycle after a 
2.5 cycle pipeline delay. The digital output port is equipped with 
a_ serial data port. LINV and MINV enable binary and 2’s 
complement data formatting. Through the 6 ladder tap pins, 
transfer function adjustment, linearity, and speed enhancement 
can be accommodated. 
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SIMPLIFIED BLOCK DIAGRAM 


AVpp  AGND 


(3 Pads) (3 Pads) DVpp DGND LINV MINV 
Y) @ 


Vat 


REF Ladder 
R12 


pat TL 
Comparators 
: > 
RQ Encoder 
and 
R8 
Error Register 
R7 Correction DB10-DBO . 
) > 


LSB 
R5 Comparators Under 


UFW 
R4 
PLOAD 
VRB SCLK 
SDO 
VIN Aperture CLK 
PIN CONFIGURATIONS See Packaging Section for Package Dimensions 
RQ R5 1 RQ 
R7 AGND 2 R7 
N/C VIN 3 N/C 
N/C AVpp 4 N/C 
PLOAD R8 5 PLOAD 
CLK R12 6 CLK 
Aperture R4 7 Aperture 
SCLK Vap 8 SCLK 
DGND Vat 9 DGND 
DVpp AVpp DVpp 
SDO AVpp SDO 
N/C AGND N/C 
UFW AGND UFW 
LINV MINV LINV 
28 Pin PDIP (0.600”’) 28 Pin SOIC (EIAJ 0.335”) 
N28 R28 
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PIN OUT DEFINITIONS 


Ref. Resistor Ladder Tap (5/16 Vref) 
Analog Ground 
Analog Input 
AVpp Analog Positive Supply 
R8 Ref. Resistor Ladder Tap (1/2 Vref) 
R12 Ref. Resistor Ladder Tap (3/4 Vref) 
R4 Ref. Resistor Ladder Tap (1/4 Vref) 


VaB Negative Reference 


ON DO fF WO DY — 


ce) 


Vat Positive Reference 


_ 
i) 


AVpp Analog Positive Supply 


—_ 
—_— 


AVpp Analog Positive Supply 


— 
ine) 


AGND Analog Ground 
AGND Analog Ground 
MINV Invert MSB (Active High) 
LINV Invert LSB (Active High) 
UFW Underflow Bit 
N/C No Connection 
SDO Serial Data Out 
DVpp Digital Positive Supply 
DGND Digital Ground 
SCLK Serial Clock 
Aperture Aperture Delay Sync 
Clock 
Serial Shift Register Data Load 


ae ee cr ae re « 
oN OO KF W 


mM MO NY NY NYO 
- WO YO + Oo O 


No Connection 


NO 
oO 


No Connection 
Ref. Resistor Ladder Tap (7/16 Vref) 
Ref. Resistor Ladder Tap (9/16 Vref) 


mM hm PD 
oN OD 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: Vpp = 3 V, FS = 500 kHz (50% Duty Cycle), 
Vat = 3.0 V, Vag = AGND, TA = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY! 


Differential Non-Linearity 
Integral Non-Linearity Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage? VREF 
Ladder Resistance Re 


ANALOG INPUT 


Input Bandwidth (—3 dB)4* 
Input Voltage Range 

Input Capacitance Sample 
Input Capacitance Convert® 
Aperture Delay from Clock 


Aperture Delay from Aperture Aperture pin load 5 pF 
Signal Measured at 50% point 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents © Vin=DGND to DVpp 
CLK, OET, OE2, MINV, LINV 
Input Capacitance 
Clock Timing 
Clock Period 
Rise & Fall Time?” 
“High” Time 
“Low” Time 
Duty Cycle 
Serial Register Timing 
Shift Clock Period 
Shift Clock to Data Delay 
Minimum Pulse Width PLOAD 
ClockT to PLOADJ For 
Valid D11 


DIGITAL OUTPUTS Cout=15 pF 


Logical “1” Voltage -0. lLoap = 1 mA 

Logical “0” Voltage ; lLoap = 1 mA 

Tristate Leakage VouT=DGND to DVpp 
Data Valid Delay? 
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25°C 
Symbol Min Typ Max es Test Conditions/Comments 


POWER SUPPLIES® 
(Tmin to Tmax) 


Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


AC PARAMETERS 


Signal Noise Ratio 


NOTES 
1 Tester measures code transitions by dithering the voltage of the analog input (Vix). The difference between the measured and the 


ideal code width (Vaer/4096) is the DNL error. The INL error is the maximum distance (in LSBs) from the best fit line to 
any transition voltage. Accuracy is a function of the sampling rate (FS). 

2 Guaranteed. Not tested. 

3 Specified values guarantee functionality. Refer to other parameters for accuracy. 

4-3 dB bandwidth is a measure of performance of the A/D input stage (S/H + amplifier). Refer to other parameters for accuracy within 
the specified bandwidth. 

5° Switched capacitor analog input requires driver with low output resistance. 

6 All inputs have diodes to DVpp and DGND. Input(s) LINV and MINV have internal pull down(s). Input DC currents will not exceed 
specified limits for any input voltage between DGND and DVpp. 

7 Condition to meet aperture delay specifications (tap, tay). Actual rise/fall time can be less stringent with no loss of accuracy. 

8 AGND & DGND pins are connected through the silicon substrate. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


Veg IGG triste nayeasanstectceneetntenvee ede 5.0 V Storage Temperature ................... —65 to +150°C 
Vor @ Vee kc eestxcuntecarnaees Vpp +0.5 to GND —0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Wil aves sunk even nse eeae au enn Vpp +0.5 to GND —0.5 V Package Power Dissipation Rating @ 75°C 

FUG one va oeecnnennsawnus Vpp +0.5 to GND —0.5 V POIP SONG <sank6ohédeeevesvxssanenvansx 1050mW 
Al OUIUls iscccueecnee se eewees Vpp +0.5 to GND —0.5 V Derates above 75°C ..............0 eee 14mW/°C 
NOTES: 

| Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This isa 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

e Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. A// inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100s. 

3. Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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CLK N +1 N+2 
Pipeline Delay 
tap N+1 
Analog 
Input As ; J 
ampling 
VIN Points 
DATA N-3 N-2 Nat 


Figure 1. MP87L92 Timing Diagram 


DNL LSB 
V(N+1) 
Analog 
Input 
V(N) 
Output 
Codes 


N+ 1 
ro UH ‘ 

N-1 
Code Width (N) = Vins1)— Viny 


LSB =[ Vat —Vrp]/ 1024 


DNL) = [ Vins1) — Vin) ] - LSB 
Figure 2. DNL Measurement 


UFW: Underflow (Output) 


This signal indicates when the Analog Input (Vjjy) goes out- 
side the Vag range, and is normally at a low logic level. When 
Vin < Vag, UFW will go high and the data bits will show negative 
full scale (i.e. all O’s if MINV & LINV are low). 


SDO: Serial Data Output 


After the internal shift register is updated using the PLOAD 
signal, the SDO pin outputs the A/D result starting with the MSB 
(which appears just after the PLOAD strobe). Each bit is output 
on the rising edge of SCLK. 


Vn f J ff f ff f 
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Output 
Codes 


Best Fit Line 


Real Transfer Line 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 3. INL Error Calculation 


SCLK: Serial Data Port Clock 


The SCLK controls the output of the serial port through SDO. 
SDO is updated on every rising edge of SCLK. The PLOAD sig- 
nal will override the SCLK signal. 


PLOAD 


Serial data port shift register load: When PLOAD is low (i.e. 
level triggered not edge triggered), the current parallel data will 
be loaded into the shift register. PLOAD overrides SCLK. When 
PLOAD is high, the data can be shifted out through the SDO pin 
with SCLK. 


Tom: 


; Sampling 
kéTime = WN I< DATA N 


CLK _| N-3 DATA VALID 
PLOAD ce 
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SDO 
SDO /oB11) DB10 DBO} Trailing Zeroes 


Sample N —3 Data 


MP87L92 


Ie Time =N 
CLK | N-3 DATA VALID 
Ie tcp 
PLOAD | 
ts ke— 


e-— tps 


DB11 available on falling edge of PLOAD 


Note: Avoid SCLK and CLK Clock Edges Being Coincident 


Figure 4. Serial Port Timing Chart 
PHASE = 1 


APERTURE: Aperture Delay Sync (output) 


This signal is high when the internal sample/hold function is 
sampling Vij, and goes low when it is in the hold mode (when the 
ADC is comparing the stored input value to the reference lad- 


der). The value of Vj, at the high to low transition of APERTURE 
is the value that will be digitized. A system can monitor this sig- 
nal and adjust the CLK to accurately synchronize the sampling 
point to an external event. 


binary 


inverted 
2's complement 


inverted 
binary 


2’s complement 


Table 1. Output Data Format Truth Table 


MINV & LINV: Digital Output Format (inputs) 


These signals control the format of the digital output data bits 
DBO — DB11. Normally both pins are held low so the data is in 
straight binary format (all O’s when V)jy=Vpp; all 1’s when 
Vin=Veat). If MINV is pulled high then the MSB (DB11) will be 
inverted. If LINV is pulled high then the LSBs (DBO — DB10) will 
be inverted. The OFW and UFW bits are not affected by these 
signals. 


Rev. 2.00 & 


MINV & LINV are meant to be static digital signals. If they are 
to change during operation they should only change when the 
CLK is low (assuming PHASE is high; if PHASE is low then 
these signals should only change when CLK is high). Changing 
MINV and/or LINV on the wrong phase of the CLK will not hurt 
anything, but the effects on the digital outputs will not be seen 
until the output latch of the output register is enabled. MINV and 
LINV have internal pull down devices. Please see the simplified 
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MINV or LINV 


Figure 5. MINV, LINV Simplified Logic Circuit 


Vin Analog Input 


This part has a switched capacitor type input circuit. This 
means that the input impedance changes with the phase of the 
input clock. Vy is sampled at the high to low clock transition. 
The diagram (Figure 6.) shows an equivalent input circuit. 


AVpp 


a 41ipF 50Q 
VIN Rca meal 
8pF CL 
Vat + Vap #1. ier CL 


2 


AGND 


C, at PHASE = 1 


Figure 6. Equivalent Input Circuit 


Reference Ladder Taps 


These taps connect to every sixteenth point along the refer- 
ence ladder; R4 is 4/16th up from Vag, R7 is 7/16ths up from 
Vrap- Normally R4, R8 and R12 should have 0.1 microfarad ca- 
pacitors to GND; this helps reduce the INL errors by stabilizing 
the reference ladder voltages. These taps can also be used to 
alter the transfer curve of the ADC. The internal interconnect re- 
sistance from the pin to the ladder is less than 3Q for the even 
numbered taps, (i.e. R4,R6, etc.) and is approximately 102 for 
the odd numbered taps. 


Alternating the transfer curve may be desirable to make the 
probability of codes for a certain range of Vij be enhanced or 
minimized. 


Sometimes this is referred to as probability density function 
shaping, or histogram shaping. 


For Log shapes, the MP8790 is ideal since it provides 16 seg- 
ments. 
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0.8 V maximum per tap is recommended for applications 
above 85°C. 


APPLICATION NOTES 


Vin signals should not exceed AVpp +0.5V or go below 
AGND —0.5V. All pins have internal protection diodes that will 
protect them from short transients (<100us) outside the supply 
range. 


AGND and DGND pins are connected internally through the 
P— substrate. DC voltage differences between these pins will 
cause undesirable internal substrate currents. 


The power supply (Vpp) and reference voltage (Var & Vag) 
pins should be decoupled with 0.1uF and 10uF capacitors to 
AGND, placed as close to the chip as possible. 


The digital outputs should not drive long wires or buses. The 
capacitive coupling and reflections will contribute noise to the 
conversion. 


At least three of the reference tap pins (R4, R8, R12) should 
be decoupled with 0.1u.F to 1uF capacitors. This will help stabi- 
lize the internal reference voltages thus reducing any INL errors. 


The reference tap pins (R1-R16) can be used to create 
piecewise linear transfer functions. By forcing custom voltages 
on these pins, a 16-segment transfer function can be made. See 
Figure 7. 


RQ 


R8 


R7 MP87L92 


R5 


Only the Ladder detail shown. 


Figure 7. A/D with Programmed Ladder Control for 
Creating a Piecewise Linear Transfer Function 
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PERFORMANCE CHARACTERISTICS 
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Graph 2. DNL Error Plot 


Graph 1. Ipp vs. FS 
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FEATURES 


e 3.3 V Operation 

e 10-Bit Resolution 

e Sampling Rates from <1 kHz to 500 kHz 

e DNL better than 1/2 LSB (typ) up to 250 kHz 

e Very Low Power CMOS - 5 mW (typ) 

e Power Down; Lower Consumption — 1 mW (typ) 

e Interface to any Input Range between GND and Vpp 
e No S/H Required for CCD Signals less than 250 kHz 
e Latch-Up Free 

e ESD Protection: 4000 Volts Minimum 


GENERAL DESCRIPTION 


The MP87L95 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter that operates over a wide range of 
input and sampling conditions. The MP87L95 can operate with 
pulsed “on demand” conversion operation or continuous 
“pipeline” operation for sampling rates up to 250 kHz. The 
elimination of the S/H and small package size offer the designer 
a low cost solution. No sample and hold is required for charge 
couple device applications, up to 250 kHz, or multiplexed input 
applications when the signal source bandwidth is limited to 20 
kHz. The input architecture of the MP87L95 allows direct 
interface to any analog input range between AGND and AVpp (0 
to 2 V, 3 V). The user simply sets VRer(,) and VRer-) to 
encompass the desired input range. 


SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Resolution 


Com- 
parators 


Coarse 
Comparators 


VREF(-) O 
VREF1(-) © 
PD o 


AGND © 


AVpp DVpp 
O 5 


MP87L95 


Low Voltage CMOS 
Very Low Power 10-Bit 
Analog-to-Digital Converter 


BENEFITS 


e Reliable Operation 

e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners, Copiers, 
Facsimile 

e Multiplexed Data Acquisition 

e Radar Pulse Analysis 

e Low Power A/D Applications 


Scaled reference resistor taps 1/4 R and 3/4 R allow for 
customizing the transfer curve. Digital outputs offer 3-state 
operation. 


The MP87L95 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vref) is disconnected from 
VreF1(-). [he power consumption during the power down mode 
is approximately 1mW. 


CLK N 


: oFw pT OT 


MP87L95 


ORDERING INFORMATION 


[Plastic Dip_| -40to+85°c | mpenosan | 4 | 2 
SOIC -40t0+85°C_| MP87L95AS 


PIN CONFIGURATIONS See Packaging Section for Package Dimensions 


DB2 DB3 1° DB2 
DB1 DB4 2 DB1 
DBO DB5 3 DBO 
PD DB6 4 PD 
AVpp DB7 5 AVpp 
AGND DGND 6 AGND 
VIN DVpp a VIN 

3/4 R CLK 8 3/4 R 
1/4R OE 9 1/4 R 
VREF1(-) DB8 VREF1(-) 
VREF(+) OFW VREF(+) 


24 Pin PDIP (0.300”) 24 Pin SOIC (Jedec, 0.300”) 
NN24 S24 


PIN OUT DEFINITIONS 


- © DON OO FF WO ND 


Data Output Bit 3 

Data Output Bit 4 

Data Output Bit 5 

Data Output Bit 6 

Data Output Bit 7 

Digital Ground 

Digital Vpp 

Clock Input 

Output Enable (Active Low) 
Data Output Bit 8 

Data Output Bit 9 (MSB) 


Overflow Output 


Upper Reference Voltage 

Lower Reference Voltage 

Lower Reference Voltage 
Reference Ladder Tap @ 1/4 FS 
Reference Ladder Tap @ 3/4 FS 
Analog Signal Input 

Analog Ground 

Analog Vpp 

Power Down 

Data Output Bit 0 (LSB) 

Data Output Bit 1 

Data Output Bit 2 


TOM 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp =3 V, Fs = 250 KHz (50% Duty Cycle), 
VREF(+) = 2-6, VreF(-) = AGND, Ta = 25°C 


Symbol Min Typ Max Test Conditions/Comments 


KEY FEATURES 


Resolution 
Sampling Rate 


For Rated Performance 


ACCURACY2 


Best Fit Line 
(Max INL — Min INL)/2 


Differential Non-Linearity 


Integral Non-Linearity 
Zero Scale Error 
Full Scale Error 


Reference from VREF(+) to VREF(-) 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) V 
Negative Ref. Voltage VREF(-) V 
Differential Ref. Voltage® VREF V 
Ladder Resistance Ri Q 
Ladder Temp. Coefficient! Rtco ppm/°C 
Ladder Switch Resistance! Q 


5 
> 


Ladder Switch Off Leakage liLKG-SW 


ANALOG INPUT! 


Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
PD, OE (Internal Res to DAND 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 
“High” Time® 
“Low” Time® 


Vin=DGND to DVpp 


Functional 


CouT=15 pF 


DIGITAL OUTPUTS 


lLloap = 1mMA 


Logical “1” Voltage 
Logical “O” Voltage 

3-state Leakage 

Data Hold Time (See Figure 1.)' 
Data Valid Delay! 


ILoAD = 1MA 
Vout = DGND to DVpp 
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ELECTRICAL CHARACTERISTICS TABLE (CONT’D) 


Symbol i Max - Test Conditions/Comments 


DIGITAL OUTPUTS (CONT’D) Coyr=15 pF 


Data Enable Delay’ tpEN 
Data 3-state Delay! toyz 
Clock to PD Set-up Time tcLKs1 
Clock to PD Hold Time tCLKH1 
Power Down Delay tpp 
Power Up Delay tpy 


POWER SUPPLIES® 


Power Down (Ipp) IDDOWN 
Operating Voltage (AVpp, DVpp) Vpp 
Current (AVpp + DVpp) Ipp 


Nadas 


Guaranteed. Not tested. ; 
2 Tester measures code transition voltages by dithering the voltage of the analog input (Vij). The difference between the measured 


code width and the ideal value (VpeF/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vix input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87L95 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NOOO BR W 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2: $ 


VopttO GND) scoscsetetccrncwsnenetiseesnaneas +5.5 V Storage Temperature ................... —65 to +150°C 
Vaera) & VRERR) ancvssweeenees GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
Oe cosdcckaseweeaseciasanesae GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

AICS <cvesrccsxtaceevavans GND -0.5 to Vpp +0.5 V PL SIs chutoverseue chanteuse sae vos 1000mW 
PU SOUIOUIS sce edccnvadaens aes GND —-0.5 to Vpp +0.5 V Derates above 75°C .......... ccc eee aes 14mW/°C 
NOTES: 


1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Figure 1. MP87L95 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87L95 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 1024*R  Vper = Vrer(+) — VRer(-) = 1024 * LSB 
The clock signal generates the two internal phases, dg (CLK 
high) and @s (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (Qs). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


External 


Update 
References 


Clock Sample Ajn1 


Internal ®p Dg 
AIn Sample 


MP87L95 


when bs disconnects the latches fromthe comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
select a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 
phase. 


cis A ela Se cea Secs ins ea ac ng ees re 
| 
coal 
Vin O——~ 
art ES, 
Ref ; COARSE COMPARATOR : 
os ———— eee ee ee ee eee ce es eee Gee aoe 
Ladder 
enmieeaevaseics cpa oem eer taalr aie " 
7 | 
res 
poe 
Selected me f — —FINE COMPARATOR ____ ! 
Range 


Figure 2. MP87L95 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj sample and next Aj, sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajj can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


ke 


Settle by Clock Update Time 
Reference Stable Time — For Sample Ajjn2 
Reference Stable Time — For Sample Ajy1 


sue Sample Ajn2 


Not Used Ds Op Dg 


Dp 
Window AinXO Sample Ajn1 AinX1 Sample Ajn2 


Ladder Sample Sample Ladder 
Nindow (MSB Bank) for Aint 
Ladder Compare Compare Ladder 
(LSB Bank) V/S AinXO 
External 
DATA 


Sample Ladder 
for AjnX1 


Compare Ladder 
V/S Aint 


Sample Ladder 
for AjnX2 


Sample Ladder 
for Ajn2 


Compare Ladder 
V/S Ajn2 


Compare Ladder 
V/S AinX1 


DATA Ain DATA AjyXO DATA Aint DATA AinX1 


Not Used 


Not Used 


Figure 3. Ajy Sampling, Ladder Sampling & Conversion Timing 


Vinv20f J 7 ff f f 


TOM 


5-105 


MP87L95 
ee 


Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW = 0 ey = 1 
3FFl | 
SFE 
oF | | 
| | | 
| | | | 
a a SN oc 
Vrer(-) VO0O1 voo2 V3Fe Vs3Fr Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFyw) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VOO01 = VREF(-) + 0.5 * LSB 

Vay = Veer = VREF(-) —1.5* LSB 

LSB = Veer / 1024 = (Var¢ — V001) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don’t fall 
exactly every Vrer/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSB’s. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL=+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vacr = 4.608 V then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


Output N 
Codes 


(N+1) Code Width = Vin41) — Vin) 
LSB =[ Vrer(s) — VREF(-) 1/1024 


DNL) = [ Vin+t) — Vw) ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Er¢s) are: 


DNL (001) = Vo02 — Voo1 — LSB 


DNL (8FE) = V3er — V3r¢ — LSB 
Es (full scale error) = V3er — [VReF(+4) -1-5 * LSB] 


Ezs (zero scale error) = Voo1 — [VREF(-) + 0.5 * LSB] 


DIGITAL 


1.5 * LSB 


V001 V002 


V3FE V3FF VREF(+) 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 
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Figure 7. gives a visual definition of the INL error. The chart 
shows a 3-bit converter transfer curve with greatly exaggerated 


DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSBs rela- 
tive to the Ideal Line would be +1.5 LSB’s relative to the best fit 
line. 


Output 
Codes 


Best Fit Line 


? i 
Real TransferLine # J 


Ny 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 


A system will clock the MP87L95 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP87L95 in balance and ready to sample 
the analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 


CLOCK A | N | | | BALANCE 


b. Single sampling 
Figure 8. Relationship of Data to Clock 


og 


MP87L95 


Analog Input 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP87L95’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. These have 
an impact above 5 MHz and they are very important above 10 
MHz. Use of Current Feedback Amplifiers is an easy and cost 
effective way to maximize performance. 


VIN 


1/2 [ VREF(+) 
+ VREF(-) ] 


ro Jb 


Figure 9. Analog Input Equivalent Circuit 


Reference Voltages 


The input/output relationship is a function of Vaer: 


Ain = Vin ~ VREF(-) 
VRer = VReF(+) — VREF(-) 
DATA = 1023 * (Ajn/VrReF) 


A system can increase total gain by reducing Vref. 


Digital Interfaces 


The logic encodes the outputs of the comparators into a 
binary code and latches the data ina D-type flip-flop for output. 
The input OE controls the output buffers in an asynchronous 


mode. 
DBS — DBO 


High Z 
Valid 


Valid 


Valid 
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The functional equivalent of the MP87L95 (Figure 12.) is 
composed of: 


OE Vinw#A Vi 1) Delay stage (tap) from the clock to the sampling phase 
(Qs). 


2) An ideal analog switch which samples Vn. 
3) An ideal A/D which tracks and converts Vij with no 
14 delay. 
tpen—> <= 4) Aseries of two DFF’s with specified hold (ty p) and 
delay (tp,) times. 


ua _ 
DB9-DBO pATA* ) < DATA , a typ and tp, are specified in the Electrical Characteristics 


OFW Overflow State 


Figure 10. Output Enable/Disable Timing Diagram 


DB9-DBO DATA DATA —s 


Figure 12. MP87L95 Functional Equivalent 


Figure 11. Preferred Output Control SUCH ann Mikarwate HUANG 


Power Down 


Figure 11. shows the preferred output control where OE and Figure 13. shows the relationship between the clock, 
clock are opposite phase. This provides a quiet time at the end sampled Ajj to output data relationship and the effect of power 
of the Ajy sample phase. down. 

CLK ' ' ' ' 
SAMPLE ! t § SAMPLE ' SAMPLE §& 
N ' ' ' M ' M+1 ' 


t 
: As 
N-1 Valid N Valid ‘ 
| | ‘ 


tcLks1 ' ' | tcLKH1 ' 
1 
1 ' 
a rlrret—“—tOCSKOC~CKRtO—SOC=*#RER#CSCOWNW 
PD 


lpp;» IVREF(4+) : ! 


DBO-DB9 N-2 Valid 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 


Z<1002 


Resistive 
isolation 


of 50 to 
100Q 


(An) Buffer 


\/ 
Reference 
Voltage 


+ 
CG C 
Source Ci 


C 
(Figure 15 Example) — : 


VREF1(-) 
AGND DGND 
Ne 


+3 V 
€ 
Cin, Con Cip, Cap 

Nol ¥S 14S dDvop 
L AAA — 

Vin (Substrate) OFW 

[> DB9- DBO 

MP87L95 OE 


Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 
formance of the MP87L95. 


1. All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND —-0.5 V. 


2. Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP87L95 inputs have input 
protection diodes which will protect the device from short 
transients outside the supply ranges. 


3. The design of a PC board will affect the accuracy of 
MP87L95. Use of wire wrap is not recommended. 


4. The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


5. The analog input should be driven by a low impedance (less 
than 50Q). 


6. Analog and digital ground planes should be substantial and 
common at one point only. The ground plane should act 


Vin. fs J J ff f 4 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital circuit- 
ry. \f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87L95. 


7. DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87L95 should be connected to AVpp next to 
the MP87L95. 


8. DVpp andAVpp are connected inside the MP87L95 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


9. Each power supply and reference voltage pin should be de- 
coupled with a ceramic (0.1uF) and a tantalum (10uUF) ca- 
pacitor as close to the device as possible. 


10. The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 

1002 resistors in series with the digital outputs in some ap- 

plications reduces the digital output disruption of Ajj. 


TM 
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Figure 15. Example of a Reference Voltage Source 


+3 V +3.V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * Cj, of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +3 V Analog Input 


+3 V +3 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * C)yy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between A\jy settling time and power dissipation. 


Figure 17. --6 V Analog Input 
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VREF(+) 


3/4 


1/4 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajj and Ladder detail shown. 


Figure 18. A/D Ladder with Programmed Control 
(of VREF(+), VREF(-), 1/4 and 3/4 TAP.) 
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FORMANCE CHARACTERISTICS 


= Vdd=3.3V a 
Vref(+)=2.6V 
& Vref(-)=0V j 
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Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 
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Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 
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FEATURES 


e 3.3 V Operation 

e 10-Bit Resolution 

e Sampling Rates from <1 kHz to 500 kHz 

e DNL better than 1/2 LSB (typ) up to 250 kHz 

e Very Low Power CMOS - 5 mW (typ) 

e Power Down; Lower Consumption — 1 mW (typ) 


e Interface to any Input Range between GND and Vpp 


e 4-Channel Mux 


e No S/H Required for CCD Signals less than 250 kHz 


e Latch-Up Free 
e ESD Protection: 4000 Volts Minimum 


MP87L98 


Low Voltage CMOS 
Very Low Power 10-Bit, Analog-to-Digital 
Converter with 4-Channel Mux 


BENEFITS 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners, Copiers, 
Facsimile 

Multiplexed Data Acquisition 

Radar Pulse Analysis 


GENERAL DESCRIPTION 


The MP87L98 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 4-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP87L98 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 250 kHz. The elimination of the S/H, requirements, very 
low power, and small package size offer the designer a low cost 
solution. No sample and hold is required for charge couple 
device applications, up to 250 kHz, or multiplexed input 
applications when the signal source bandwidth is limited to 25 
kHz. The input architecture of the MP87L98 allows direct 
interface to any analog input range between AGND and AVpp (0 
to2V, 1to3Vetc.). The user simply sets VaeF(4) and VreF(_) to 
encompass the desired input range. 


Scaled reference resistor tap at 1/2 R allows for customizing 


ORDERING INFORMATION 


SOIC —40 to +85° 


the transfer curve as well as providing a 1/2 span reference 
voltage. 


The MP87L98 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vper,-) is disconnected from 
VreF1(-). |he power consumption during the power down mode 
is approximately 1mW. 


Specified for operation over the commercial / industrial (—40 
to +85°C) temperature range, the MP87L98 is available in 
Plastic Dual-in-Line (PDIP), Surface Mount (SOIC), and Shrunk 
Small Outline (SSOP) packages. 


MP87L98AS 


Package Temperature 
Type Range 
|_MP87L9BAS 2 
2 


C 
| so ppip, «| 40 to 485°C] MP87LOBAN 
Oo 


SSOP —40 to +85°C MP87L98AQ 


TOM 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 


Coarse 
Comparators 


O O 


Fine 


leet © Resolution 
Vaert) Com oFw p< XO 
VREF1(-) parators 
PD O | | 
O CLK 
AIn1 © 
Ain2 O O WR 
Ain3 © 
A\n4 O aren 2 to 4 | Latch a 0 Al 
| ZZ Decoder | ; Oo AO 
© © 
AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


DB3 DB2 DB3 1 DB2 
DB4 DB1 DB4 2 DB1 
DB5 DBO DB5 3 DBO 
DB6 PD DB6 4 PD 
DB7 AVpp DB7 5 AVpp 
DGND AGND DGND 6 AGND 
DVpp AIn4 DVpp : Aina 
WR Ain3 WR 8 Ain3 
Al Ain2 Al ? Ain2 
AO Aint AO Aint 
CLK 1/2R CLK 1/2R 
DB8 VREF1(-) DB8 VREF1(-) 
DB9 VREF(-) DB9 VREF(-) 
OFW VREF(+) OFW VREF(+) 
28 Pin PDIP (0.300”) 28 Pin SOIC (Jedec, 0.300”) — S28 


NN28 28 Pin SSOP — A28 
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PIN OUT DEFINITIONS 


Data 'pataOutputets = | Bit 3 
Data Output Bit 4 
Data Output Bit 5 
Data Output Bit 6 
Data Output Bit 7 
Digital Ground 
Digital Vop 

Write (Active Low) 
Address 1 Input 
Address 0 Input 
Clock Input 

Data Output Bit 8 
Data Output Bit 9 (MSB) 
Overflow Output 


Upper Reference Voltage 


Lower Reference Voltage 
Lower Reference Voltage 
Reference Ladder Tap 
Analog Signal Input 1 


Analog Signal Input 2 
Analog Signal Input 3 
Analog Signal Input 4 
Analog Ground 


- © DON OA FWD = 


Analog Vop 

Power Down 

Data Output Bit 0 (LSB) 
Data Output Bit 1 

Data Output Bit 2 


TRUTH TABLE FOR INPUT CHANNEL SELECTION 


SELECTED ANALOG INPUT 


Aint 
Ain2 


Ain3 


AIn4 
Previous selection 


Note: WR, A1, AO are internally connected to GND through 
500kQ resistance. 


TOM’ 
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ELECTRICAL CHARACTERISTICS TABLE 
Unless Otherwise Specified: AVpp = DVpp =3 V, Fs = 250 kHz (50% Duty Cycle), 
VREF(+) = 2.6, VREF(-) = AGND, Ta =29°C 


KEY FEATURES 


Resolution 
Sampling Rate For Rated Performance 


ACCURACY? 


Differential Non-Linearity 
Integral Non-Linearity 2 Best Fit Line 
(Max INL — Min INL)/2 
Zero Scale Error Reference from Vrery4) to VREF(-) 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage AVREF 
Ladder Resistance 

Ladder Temp. Coefficient! 

Ladder Switch Resistance 

Ladder Switch Off Leakage 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents Vin=DGND to DVpp 
CLK 
PD, (Internal Res to GND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time* 
“High” Time® 
“Low” Time® 


F 20 ff ff f TOM’ 
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ELECTRICAL CHARACTERISTICS TABLE (CON 


Symbol 


Pores: 


2 


NOOO hh WwW 


DIGITAL OUTPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

3-state Leakage 

Data Hold Time (See Figure 1.)' 
Data Valid Delay’ 

Write Pulse Width 

Multiplexer Address Setup Time 


Multiplexer Address Hold Time 

Delay from WR to Multiplexer 
Enable 

Power Down Time 

Power Up Time 


POWER SUPPLIES® 


Power Down (Ipp) 


Operating Voltage (AVpp, DVpp) 


Current (AVpp + DVpp) 


Guaranteed. Not tested. 


VOH 
VoL 
loz 
tHLD 
to 
twr 
tas 
taH 


tmMUXENt1 
tpp 
tpu 


TD) 


MP87L98 


Test Conditions/Comments 
Cout=15 pF 


ILOAD =1mA 
ILOAD =1mA 
Vout = DGND to DVpp 


Tester measures code transition voltages by dithering the voltage of the analog input (Vix). The difference between the measured 
code width and the ideal value (VreF/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 


the best fit line to any transition voltage (See Figure 7.). 
See Vix input equivalent circuit (see Figure 9.). 


Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87L98 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 


output. 


DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (TA = +25°C unless otherwise noted)! 2: 3 


Vpp (to GND) 
VREF(+) & VeErL) asec ceva enue es GND -0.5 to Vpp +0.5 V 
GND —0.5 to Vpp +0.5 V 
GND —0.5 to Vpp +0.5 V 
GND —0.5 to Vpp +0.5 V 


All Inputs 
All Outputs 


NOTES: 
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 


1 


3 


Vin. J 7 f J 


conditions for extended periods may affect device reliability. 


ee 


seer eevee er eee eee eee ee el hl hhh hl he 


Storage Temperature ................... —65 to +150°C 
Lead Temperature (Soldering 10 seconds) ....... +300°C 
Package Power Dissipation Rating to 75°C 
GO FIG 2eeeseeanunences cate eeaates ves 1050mW 
Derates above 75°C ...............000 00 14mW/°C 


Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 
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Window (MSB Bank) 


MP87L98 


i] i) 
i] i] 
SAMPLE ' AUTO , SAMPLE 1 AUTO 1 SAMPLE 
N-1 ' BALANCE, N 1 BALANCE 1s N+1 
' ' ; 
—— 8 Ty med 
ANALOG 7 ' _ 
INPUT ' ‘ \ 
1 i] 
1 i] 
A ‘ 
' i] 
DATA ' ' 
i] 
— —— 
: 3 toL 
—e a THE 


Figure 1. MP87L98 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87L98 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Rrer = 1024 *R VREF = VREF(+) = VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, dg (CLK 
high) and @g (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (Qs). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


when Os disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 
phase. 


Ref 
Ladder 


os 


Figure 2. MP87L98 Comparators 


Selected 
Range 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajj time point. The ladder is 
referenced for both last Aj sample and next Ajj, sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajj can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


aa 


External Settle by Clock Update Time 
Reference Stable Time — For Sample Ajy2 
Update Reference Stable Time — For Sample Ajj 
References 
Clock Sample Aint ana Sample An2 
Not Used 
Internal Op Ds ae Ds Dp Ds 
Ain Sample | / \ a / \ / 
Window AinXO Sample Ajn1 AinX1 Sample Ajn2 
Ladder Sample Sample Ladder Sample Ladder Sample Ladder Sample Ladder 


for Ain 


Ladder Compare Compare Ladder 
(LSB Bank) V/S AjnX0 
External 
DATA 


for AjyX1 


Compare Ladder 
V/S Ain 


for Ain2 for AjyX2 


Compare Ladder 
V/S Ain2 


Compare Ladder 
V/S AjnX1 


DATA AiO DATA AjyXO DATA Aint DATA AinX1 


Not Used 


Not Used 


Figure 3. Ajy Sampling, Ladder Sampling & Conversion Timing 


Vin20 ff J f 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 


Figure 4. 
DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW=0__JOFW|=1 
3FFl | 


SFE 


vo02 V3reE  V3FF 


Vrer(-) VO01 


Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFy) takes place at: 

Vin = Vorw = Vrer(+) — 0.5 * LSB 

The first and the last transitions for the data bits take place at: 
Vin = VO01 = VREF(-) + 0.5 * LSB 

Vin = V3rr = VReF(+) — 1-5 * LSB 

LSB = Veer / 1024 = (Var¢ — V001) / 1022 


Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don’t fall 
exactly every Vrer/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vagr = 4.608 V then 1 LSB=4.5 mV and every code 
width is within 2.25 and 6.75 mV. 


MP87L98 


Analog 
Input 


Output 
Codes 


(N+1) Code Width = Vin41) — Vin 
LSB = [ Vrer(s) — VREF(-) }/ 1024 


DNL) = [ Vines) — Vin ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = V002 — VO01 — LSB 


DNL (8FE) = V3re¢ — V3r¢ — LSB 
Egg (full scale error) = V3er — [VReF(4) -1.5 * LSB] 


EZs (zero scale error) = Voo1 — [VReF(-) + 0.5 * LSB] 


DIGITAL 
CODES 


1.5 * LSB 


vo02 Vere 


Vrer(-) V001 V3FF VREF(+) 


Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 


TOM 


MP87L98 


Figure 7. gives a visual definition of the INL error. The chart A system will cl 
shows a 3 bit converter transfer curve with greatly exaggerated clock pulses intermittently when a conversion is desired. The 
DNL errors to show the deviation of the real transfer curve from timing of Figure 8a shows normal operation, while the timing of 
the ideal one. Figure 8b keeps the MP87L498 in balance and ready to sample 
the analog input. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 


nition the Best Fit Line makes equal the positive and the nega- CLOCK N N+1 

tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- | | | | 
tive to the Ideal Line would be +1.5 LSB’s relative to the best fit DATA G7) Gam ae 
line. 


a. Continuous sampling 


Best Fit Line 
J CLOCK | N | | | BALANCE 


Real TransferLine # 


“ 


b. Single sampling 


Figure 8. Relationship of Data to Clock 


Ideal Transfer Line Analog Input 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


Analog Input (Volt) 


The MP87L98’s performance is optimized by using analog in- 

Figure 7. INL Error Calculation put circuitry that is capable of driving the Ajy input. These have 
an impact above 5 MHz and they are very important above 10 

MHz. Use of Current Feedback Amplifiers is an easy and cost 


Clock and Conversion Timing effective way to maximize performance. 
ny 40 Q 87 pF 
DD —p—I -—- 
R Series Os 60 pF 87 pF 


40Q 


Ain 


i pF 


Control 


AGND 


1/2 | VREF(+) 
4 pF b + VREF(-) ] 


Channel 
Selection 


Figure 9. Analog Input Equivalent Circuit 


TOM’ 


Analog Input Multiplexer 


The MP87L98 includes a 4-channel analog input multiplexer. 
The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 17. 


Clock ' 


‘ 
SampleN , 1» Sample M Sample , 
Old Address , Wew Address, M+1 ’ 
t ‘ ' 1 
tc_ks2' twr ! tcikH2 ! 


; N-1 Valid N valid M Valid 
DBO-DB9 N-2 valid Old Address Old Address New Address 


tcLks2 = tcLKk2 = 0 


Figure 10. MUX Address Timing 


Ai, AO 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing 


Reference Voltages 


The input/output relationship is a function of Vrer: 
Ain = Vin — VREF(-) 
Vrer = VReF(+) — VREF(-) 
DATA = 1023 * (Ain/VrReEF) 
A system can increase total gain by reducing Vrer. 


y Rev20 fF fF f ff Ff f 


MP87L98 


The logic encodes the outputs of the comparators into a bi- 
nary code and latches the data ina D-type flip-flop for output. 


The functional equivalent of the MP87L98 (Figure 12.) is 
composed of: 


1) Delay stage (tap) from the clock to the sampling phase 
(9s). 

2) An ideal analog switch which samples Vn. 

3) An ideal A/D which tracks and converts Vij with no 
delay. 

4) Aseries of two DFF’s with specified hold (ty p) and 
delay (tp) times. 


tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 


CLK N N+1 
IN =>, ee 
ito 


i) 


Figure 12. MP87L98 Functional Equivalent 
Circuit and Interface Timing 
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Bi 


MP87L98 
Eee 


Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajj to output data relationship and the effect of power 


down. 
eo a i a a ee a oe oe 
" i i 


DBO-DB9 M Valid 
tcLKs1 ' , . tCLKH1 < 
' ; ‘ ' 
 e—es—e—“‘#._eBsSB 
PD ' ' 
p—!PD te > tPU_ig 


lop» |VREF(+) ed 2 ee as 
i) 1 ‘ 


Figure 13. Power Down Timing Diagram 
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APPLICATION NOTES 


C, = 4.7 or 10uF Tantalum 
Cy = 0.1pF Chip Cap or low inductance capacitor 


L; = 100nH or larger 
Ry = Clock Transmission Line Termination 


ee | 
| 1of4 | 
| e Z <100Q | 
| 
| | 
(An) Buffer l 
| Resistive | 
| Isolation of | 
50 to 10022 
| | 
Lo _| 
Ref - 

eference 

Voltage _ Pi. 2 Ci} Co 

Source 


VREF1(-) 
AGND DGND 
Oe a 


Aint 


Aina 


MP87L98 


+5 V 
® 


Cip, Cap 


Cia 
Vien GS [99 dDvpp 


(Substrate) OFW 
[> DB9- DBO 
MP87L98 WR 
At 
AO 


VREF(+) 
1/2 R 


CLK 


VREF(-) 


Figure 14. Typical Circuit Connections 


The following information will be useful in maximizing the per- 


formance of the MP87L98. 


1; 


6. 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND —0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP87L98 inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of 
MP87L98. Use of wire wrap is not recommended. 


The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Analog and digital ground planes should be substantial and 


common atone point only. The ground plane should ¢ actasa 


10. 
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shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. lf separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87L98. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87L98 should be connected to AVpp next to 
the MP87L98. 


DV pp and AVpp are connected inside the MP87L98 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1uF) and a tantalum (10F) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100 resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ayn. 


TOM” 


MP87L98 


0.1pF 


Figure 15. Example of a Reference Voltage Source 


+3 V +3 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * C)jyy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajy settling time and power dissipation. 


Figure 16. +3 V Analog Input 


+3 V +3 V 


AVpp 


VREF(+) 


DBO 


Ant 


Aina 


AGND 


VREF(-) 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Cjy of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 17. +6 V Analog Input 


y Rev20 fF fF fF TO)M 


5-124 


MP87L98 
4 —(Vin)— E>. A\n2 
<i WJ in 
q —(Vin)— | bacs > Aina 


DAC MP7641 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ajy and Ladder detail shown. 


Figure 18. A/D Ladder and Ajj with Programmed Control 
(of VREF(+), VREF(-), 1/2 TAP.) 
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PERFORMANCE CHARACTERISTICS 


i Vdd=3.3V i 

Vref(+)=2.6V 
Vdd=3.3V a Vref(-}=0V i 
Vref(+)=2.6V 


Vref(-)=0V | 2 


DNL(LSB) 
INL(LSB) 
Qo 


a agin ellen 
1 


Fs(MHz) Fs(MHz) 
Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 
5 05 
4 0.4 
é 
3 md 
™ 2 Bo2 
1 0.1 
0 0 
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1 
Fs(MHz) Fs(MHz) 
Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 
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FEATURES 


e 3.3 V Operation 

e 10-Bit Resolution 

e Sampling Rates from <1 kHz to 500 kHz 

e DNL better than 1/2 LSB (typ) up to 250 kHz 

e Very Low Power CMOS - 5 mW (typ) 

e Power Down; Lower Consumption — 1 mW (typ) 


e Interface to any Input Range between GND and Vpp 


e 8-Channel Mux 


e No S/H Required for CCD Signals less than 250 kHz 


e Latch-Up Free 
e ESD Protection: 4000 Volts Minimum 


(44 


MP87L99 


Low Voltage CMOS 
Very Low Power 10-Bit, Analog-to-Digital 
Converter with 8-Channel Mux 


sar cast 


e Reduced Board Space (Small Package) 

e Reduced External Parts, No Sample/Hold Needed 
e Suitable for Battery & Power Critical Applications 
e Designer Can Adapt Input Range & Scaling 


APPLICATIONS 


e uP/DSP Interface and Control Applications 

e High Resolution Imaging — Scanners, Copiers, 
Facsimile 

e Multiplexed Data Acquisition 

e Radar Pulse Analysis 

e Low Power A/D Applications 


GENERAL DESCRIPTION 


The MP87L99 is a flexible, easy to use, precision 10-bit 
Analog-to-Digital Converter with 8-channel mux that operates 
over a wide range of input and sampling conditions. The 
MP87L99 can operate with pulsed “on demand” conversion 
operation or continuous “pipeline” operation for sampling rates 
up to 250 kHz. The elimination of the S/H, requirements, very 
low power, and small package size offer the designer a low cost 
solution. No sample and hold is required for charge couple 
device applications, up to 250 kHz, or multiplexed input 
applications when the signal source bandwidth is limited to 25 
kHz. The input architecture of the MP87L99 allows direct 


interface to any analog input range between AGND and AVpp (0 
to2 V,1to3V.). The user simply sets Vaer(4) and VRE) to 


ORDERING INFORMATION 


Vin20f J f ff ff f 


Package Temperature DNL INL 
Type Range (LSB) (LSB) 


pare __|_-4010+85°C_| mpa7ig9ae 


encompass the desired input range. 


Scaled reference resistor tap at 1/4 R, 1/2 R, and 3/4 R allows 
for customizing the transfer curve as well as providing a 1/2 span 
reference voltage. 


The MP87L99 uses a two-step flash technique. The first 
segment converts the 4 MSBs and consists of 15 autobalanced 
comparators, latches, an encoder, and buffer storage registers. 
The second segment converts the remaining 6 LSBs. 


When the power down input is “high”, the data outputs DB9 to 
DBO hold the current values and Vreri_) is disconnected from 
VreFi(-). /he power consumption during the power down mode 
is approximately 1 mW. 


TOM 
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SIMPLIFIED BLOCK AND TIMING DIAGRAM 


AVpp AVpp DVpp 
O O O 


Coarse 
Comparators ds  oB 


OFW CLK L$ =x 
npo-pey 089-080 — pM XO 


VREF(+) © 


R3 O 
R20 x Resolution 
Com. , OE orw >< XO 
R10 parators 
VREF(-) | | 
PDO 
VREF1(-) O 
CLK 
Aint 
' CLR 
i] 
WR 
' A2 
, At 
Ain AO 


AGND DGND 


PIN CONFIGURATIONS 


See Packaging Section for 
Package Dimensions 


See the following 
page for pin numbers 
and descriptions 


44-Pin PQFP (10 mm x 10 mm) 
QN44 


y Rv 20 6 fF fF fF ff f TO)M 
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PIN OUT DEFINITIONS 


Data Data Output Bité Output =—tC*~C~*d Bit 6 Output Reference Ladder Tap 
Data Output Bit 7 Output No Connect 
Digital Ground Analog Signal Input 1 


Digital Ground Analog Signal Input 2 
Digital Vpp Analog Signal Input 3 
Clear (Active Low) Analog Signal Input 4 


Write (Active Low) Analog Signal Input 5 


oN DO fF WO DY = 


Address 2 Analog Ground 


i<e) 


Address 1 Analog Vpp 


=r 
oO 


Address 0 Analog Vpp 


—_ 
—_ 


Clock Input Analog Signal Input 6 


= 
NO 


Output Enable (Active Low) Analog Ground 


No Connect Power Down 


—_+ 
- W 


Data Output Bit 8 Output Analog Signal Input 7 

Data Output Bit 9 Output (MSB) Data Output Bit 0 (LSB) 

Overflow Output Data Output Bit 1 
VREF(+) Upper Reference Voltage Data Output Bit 2 


a ee ee Cv 
ON DD ON 


VREF(-) Lower Reference Voltage Data Output Bit 3 


— 
© 


VREF1(-) Lower Reference Voltage Data Output Bit 4 
R1 Reference Ladder Tap Data Output Bit 5 
R2 Reference Ladder Tap No Connect 


MO MO PW 
mo + Oo 


Analog Signal Input 8 No Connect 


Selected 
CLR Analog Input 


L X X X X Aint 

H L L L L Aint 

H L L ii H Aino 

H L Li H L. Ain3 

H L L H H Aina 

H L H L L AINs 

H L H a H Aine 

H L H H L Ainz 

H L H H H Aing 

H H X X X Previous 
Selection 


Note: CLR, WR, A2, A1, AO are internally connected to 
ground through 500k Q resistance. 


Table 1. Truth Table For —_ Channel Selection 
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ELECTRICAL CHARACTERISTICS TABLE 


Unless Otherwise Specified: AVpp = DVpp = 3 V, Fs = 250 kHz (50% Duty Cycle), 


VREF(+) = 2-6, Vrer-) = AGND, Ta = 25°C 


Parameter 


KEY FEATURES 


Resolution 
Sampling Rate 


ACCURACY (A Grade)? 


Differential Non-Linearity 
Integral Non-Linearity 


Zero Scale Error 
Full Scale Error 


REFERENCE VOLTAGES 


Positive Ref. Voltage VREF(+) 
Negative Ref. Voltage VREF(-) 
Differential Ref. Voltage® VreF 
Ladder Resistance Ry 
Ladder Temp. Coefficient! Rrco 
Ladder Switch Resistance! 

Ladder Switch Off Leakage liLKG-SW 


ANALOG INPUT! 


Input Bandwidth 
Input Voltage Range’ 
Input Capacitance? 
Aperture Delay 


DIGITAL INPUTS 


Logical “1” Voltage 
Logical “O” Voltage 
Leakage Currents 
CLK 
PD, OE (Internal Res to GND) 
Input Capacitance 
Clock Timing (See Figure 1.)' 
Clock Period 
Rise & Fall Time4 
“High” Time® 
“Low” Time® 


DIGITAL OUTPUTS 


Logical “1” Voltage 

Logical “O” Voltage 

Tristate Leakage 

Data Hold Time (See Figure 1.)' 
Data Valid Delay’ 

Write Pulse Width! 


Viv. J ff ff 7 7 


os SS. = << 


Test Conditions/Comments 


For Rated Performance 


LSB 

Best Fit Line 

(Max INL — Min INL)/2 

Reference from VREF(+) to VREF(-) 


Vin=DGND to DVpp 


Cout=15 pF 
ILOAD = 1 MA 


ILOAD = '1mA 
Vout = DGND to DVpp 


TOM 
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Test Conditions/Comments 


DIGITAL OUTPUTS (CONT'D) Court=15 pF 
Multiplexer Address Setup Time! 
Multiplexer Address Hold Time! 
Delay from WR to Multiplexer! 
Enable twMUXEN1 
Power Down Time! tpp 
Power Up Time! tpy 


POWER SUPPLIES® 


Power Down (Ipp) 
Operating Voltage (AVpp, DVpp) 
Current (AVpp + DVpp) 


NOTES: 
{ Guaranteed. Not tested. 

2 Tester measures code transition voltages by dithering the voltage of the analog input (Vjjy). The difference between the measured 
code width and the ideal value (Va¢r/1024) is the DNL error (see Figure 5.). The INL error is the maximum distance (in LSBs) from 
the best fit line to any transition voltage (See Figure 7.). 

See Vix input equivalent circuit (see Figure 9.). 

Clock specification to meet aperture specification (tap). Actual rise/fall time can be less stringent with no loss of accuracy. 
Specified values guarantee functional device. Refer to other parameters for accuracy. 

System can clock MP87L99 with any duty cycle as long as all timing conditions are met. 

Input range where input is converted correctly into binary code. Input voltage outside specified range converts to zero or full scale 
output. 

8 DVpp and AVpp are connected through the silicon substrate. Connect together at the package. 


NOOO SW 


Specifications are subject to change without notice 


ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)! 2 3 


Noe (0 GUD) picnic wae eevee se daseaneenneenesan +5.5V Storage Temperature ................... —65 to +150°C 
Vrer(s) VREF-), VREFIWA-) ------- GND —0.5 to Vpp +0.5 V Lead Temperature (Soldering 10 seconds) ....... +300°C 
ee ee ee eer eee GND —0.5 to Vpp +0.5 V Package Power Dissipation Rating to 75°C 

PU TONE nccccccueeastiasasinks GND —0.5 to Vpp +0.5 V POI usteesedakbaeiededcaysneenanavowees 650mW 
PR OUUG «scsaiereceeaweenes GND -0.5 to Vpp +0.5 V Derates above 75°C ........ 0.0... eee 9mW/°C 
NOTES: 

1 Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 


stress rating only and functional operation at or above this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 

2 Any input pin which can see a value outside the absolute maximum ratings should be protected by Schottky diode clamps 
(HP5082-2835) from input pin to the supplies. Al/ inputs have protection diodes which will protect the device from short 
transients outside the supplies of less than 100mA for less than 100us. 

3 Vpp refers to AVpp and DVpp. GND refers to AGND and DGND. 


Window (MSB Bank) 


MP87L99 


' 
t SAMPLE 


‘ 
SAMPLE ' AUTO | SAMPLE 1 AUTO 
N-1 BALANCE , N 1 BALANCE 1 N+ 
' i—_—— : Ts — 
ANALOG ' ' : 
INPUT i ‘ : 
r] i] 
1 ' 
VoH —— 
i] 
DATA ; 


AE 


i] 
—~ a= Lip 


Figure 1. MP87L99 Timing Diagram 


THEORY OF OPERATION 


Analog-to-Digital Conversion 


The MP87L99 converts analog voltages into 1024 digital 
codes by encoding the outputs of 15 coarse and 67 fine compa- 
rators. Digital logic is used to generate the overflow bit. The con- 
version is synchronous with the clock and it is accomplished in 2 
clock periods. 

The reference resistance ladder is a series of 1025 resistors. 


The first and the last resistor of the ladder are half the value of 
the others so that the following relations apply: 


Reep = 1024* RR Veer= VREF(+) = VREF(-) = 1024 * LSB 
The clock signal generates the two internal phases, pg (CLK 
high) and @s (CLK low = sample) (See Figure 2.). The rising 
edge of the CLK input marks the end of the sampling phase (@s). 
Internal delay of the clock circuitry will delay the actual instant 


Short Cycle Sample will be discarded 


kK 


Settle by Clock Update Time 
Reference Stable Time — For Sample Ajn2 
Reference Stable Time — For Sample Ajn1 


External 
Update 
References 
Clock Sample Ajn1 
Internal Dp Dg 


Not Used De 


se” EXAR 


when @s disconnects the latches from the comparators. This de- 
lay is called aperture delay (tap). 


The coarse comparators make the first pass conversion and 
selects a ladder range for the fine comparators. The fine compa- 
rators are connected to the selected range during the next og 
phase. 


Ref 
Ladder OB 


: VTaP A | 


Selected os L—— ee all 
Range 


Figure 2. MP87L99 Comparators 


Ain Sampling, Ladder Sampling, and Conversion Timing 


Figure 3. shows this relationship as a timing chart. Ajj sam- 
pling, ladder sampling and output data relationships are shown 
for the general case where the levels which drive the ladder 
need to change for each sampled Ajy time point. The ladder is 
referenced for both last Ajj sample and next Ajjy sample at the 
same time. If the ladder’s levels change by more than 1 LSB, 
one of the samples must be discarded. Also note that the clock 
low period for the discarded Ajj can be reduced to the minimum 
ts time of 150 ns. 


Hold Reference Value Past 
Clock Change for tap Time 


AinX1 Sample Ajn2 


p Ps 


@D 
Ain Sample rr“ ‘ ———a B [—\ [— me a 
Window A\nXO Sample Ajn1 AinX1 Sample Ajn2 


Ladder Sample Sample Ladder 


for Ajj 


Ladder Compare Compare Ladder 
(LSB Bank) V/S AinX0 
External 
DATA 


Figure 3. Ajj Sampling, Ladder Sampling & Conversion Timing 


y Rv 20 fF ff fF f 


Sample Ladder 
for AinX1 


Compare Ladder 
V/S Ain 


Sample Ladder 
for Ajn2 


Sample Ladder 
for AjyX2 


Compare Ladder 
V/S Ain2 


Compare Ladder 
V/S AjnX1 


DATA AjjyO DATA AjyX0 DATA Ain 1 DATA AjnX1 


Not Used 


Not Used 
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Accuracy of Conversion: DNL and INL 


The transfer function for an ideal A/D converter is shown in 
Figure 4. 


DIGITAL 
CODES 
0.5 * LSB 0.5 * LSB 
OFW =0 Can = 
3FFl | 


SFE 


Vrer(-) VO01 


voo2 V3reE Vaer Vorw VREF(+) 


Figure 4. Ideal A/D Transfer Function 


The overflow transition (VoFry) takes place at: 

Vin = Vorw = Vrer(+) — 9.5 * LSB 

The first and the last transitions for the data bits take place at: 

Vin = VOO1 = VREF(-) + 0.5 * LSB 

Vin = Vaer = VRer(+) — 1-5 * LSB 

LSB = Vrer / 1024 = (Var¢ — V001) / 1022 

Note that the overflow transition is a flag and has no impact on 
the data bits. 

In a “real” converter the code-to-code transitions don’t fall 
exactly every Vrer/1024 volts. 


A positive DNL (Differential Non-Linearity) error means that 
the real width of a particular code is larger than 1 LSB. This error 
is measured in fractions of LSBs. 


A Max DNL specification guarantees that ALL code widths 
(DNL errors) are within the stated value. A specification of Max 
DNL =+0.5LSB means that all code widths are within 0.5 and 
1.5LSB. If Vac =4.608 V, then 1 LSB =4.5 mV and every code 
width is within 2.25 and 6.75 mV. 
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Output 
Codes 


(N+1) Code Width = Viy41) — Vin) 
LSB = [ Veer) — VREF(-) t/ 1024 


DNLwy = [ Vine) — Vin ]- LSB 


Figure 5. DNL Measurement 
On Production Tester 


The formulas for Differential Non-linearity (DNL), Integral 
Non-Linearity (INL) and zero and full scale errors (Ezs, Ers) are: 


DNL (001) = VO02 —- V001 — LSB 


DNL (3FE) = V3rr — V3re — LSB 
Egg (full scale error) = V3rr¢ — [VRer(4) —1.5 * LSB] 


Ezs (zero scale error) = Voo1 — [VReF(-) + 0.5 * LSB] 


DIGITAL 
CODES 
0.5 * LSB 


1.5 * LSB 


Vrer(-) VOO1 VO02 V3FE V3FF VREF(+) 
Figure 6. Real A/D Transfer Curve 


Figure 6. shows the zero scale and full scale error terms. 


TOM 
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Figure 7. gives a visual definition of the INL error. The chart 


shows a 3 bit converter transfer curve with greatly exaggerated 
DNL errors to show the deviation of the real transfer curve from 
the ideal one. 


After a tester has measured all the transition voltages, the 
computer draws a line parallel to the ideal transfer line. By defi- 
nition the Best Fit Line makes equal the positive and the nega- 
tive INL errors. For example, an INL error of —1 to +2 LSB’s rela- 
tive to the Ideal Line would be +1.5 LSB’s relative to the best fit 
line. 


Best Fit Line 


Real TransferLine # 


Ny 


Ideal Transfer Line 


Analog Input (Volt) 


Figure 7. INL Error Calculation 


Clock and Conversion Timing 


AVpp 
R Series 


40Q 
| pF 


Control 


AIn 


Channel 
Selection 


A system will clock the MP87L99 continuously or it will give 
clock pulses intermittently when a conversion is desired. The 
timing of Figure 8a shows normal operation, while the timing of 
Figure 8b keeps the MP87L99 in balance and ready to sample 
the analog input. 


CLOCK N N+1 


DATA 


a. Continuous sampling 
CLOCK | N | | | BALANCE 


b. Single sampling 


Figure 8. Relationship of Data to Clock 


Analog Input 


Another method is to first design the analog input circuitry and 
then adjust the reference voltages for the analog input range. 
One advantage is that this approach may eliminate the need for 
external gain and offset adjust circuitry which may be required 
by fixed input range A/Ds. 


The MP87L99’s performance is optimized by using analog in- 
put circuitry that is capable of driving the Ajy input. These have 
an impact above 5 MHz and they are very important above 10 
MHz. Use of Current Feedback Amplifiers is an easy and cost 
effective way to maximize performance. 


40 Q 87 pF 


tL nea 


os 


Os 87 pF 


160 Q 


oB 
\ LL 
1/2 [| VREF(+) 


acd Lb 


+ VREF(-) ] 


Figure 9. Analog Input Equivalent Circuit 
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Analog Input Multiplexer | Reference Voltages 


The input/output relationship is a function of Ver: 
The MP87L99 includes a 8-Channel analog input multiplexer. 


The relationship between the clock, the multiplexer address, the 
WR and the output data is shown in Figure 11. 


Ain = Vin — VREF(-) 
Vrer = VRer(+) — VREF(-) 
DATA = 1023 * (Ain/VREF) 


A system can increase total gain by reducing Vper. 


Clock ' ‘ : ' ' 
SampleN , » SampleM , i Sample , 
Old Address , New Address M+1 ; 

' ' The logic encodes the outputs of the comparators into a bi- 


'ciks2 | — 'wr | IcLkHe ' nary code and latches the data in a D-type flip-flop for output. 


di > 
WR \ / The functional equivalent of the MP87L99 (Figure 12.) is 


composed of: 


Digital Interfaces 


tas taH 


1) Delay stage (tap) from the clock to the sampling phase 


(Qs). 


2) An ideal analog switch which samples Vn. 
3) An ideal A/D which tracks and converts Vj with no 


: : N-1 Valid N valid M Valid 
DBO-DB9 n-2 valid Old Address Old Address New Address delay. 


4) Aseries of two DFF’s with specified hold (typ) and 
delay (tp,) times. 
Figure 10. MUX Address Timing tap, ty_p and tp, are specified in the Electrical Characteristics 
table. 


MUXEN 
(Internal Signal) 


Figure 11. Analog MUX Timing 


' 
: toL—» 


' ' ‘4 


Figure 12. MP87L99 Functional Equivalent 
Circuit and Interface Timing 
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Power Down 


Figure 13. shows the relationship between the clock, 
sampled Ajjy to output data relationship and the effect of power 
down. 


M 


DBO-DB9 _ N-2 Valid 


N-1 Valid 
' 


' 
tcLKs1 ' CLKH1 4 
> < > < 
' 


t 


lpp, VREF(+) 


Figure 13. Power Down Timing Diagram 


APPLICATION NOTES 


C,=4.7 or 10uF Tantalum 
Cy = 0.1uF Chip Cap or low inductance cap 


Rr = Clock Transmission Line Termination or V 
es ay ea eseoseeneeeen eee Cia, Con Cip, Cap 
[ “1 Av LSS) LSS Dvep 
| 1 of 8 Z <1002 | 
> AN ; (Substrate) OFW 
| (An) Buffer : ae [> se - DBo 
| Resistive | 
| Isolation of — | MP87L99 OE 
| 50 to 1002 | 
VV 
ae a 


+ 
Reference 
Voltage _ Oi Cy] Co 
Source Cilc 


VREF1(-) 
AGND DGND 
Ve 


Figure 14. Typical Circuit Connections 
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The following information will be useful in maximizing the per- 


formance of the MP87L99. 


1. 


All signals should not exceed AVpp +0.5 V or AGND —0.5 V 
or DVpp +0.5 V or DGND -0.5 V. 


Any input pin which can see a value outside the absolute 
maximum ratings (AVpp or DVpp+0.5 V or AGND —0.5 V) 
should be protected by diode clamps (HP5082-2835) from 
input pin to the supplies. All MP87L99 inputs have input pro- 
tection diodes which will protect the device from short tran- 
sients outside the supply ranges. 


The design of a PC board will affect the accuracy of 
MP87L99. Use of wire wrap is not recommended. 


The analog input signal (Vij) is quite sensitive and should be 
properly routed and terminated. It should be shielded from 
the clock and digital outputs so as to minimize cross coupling 
and noise pickup. 


The analog input should be driven by a low impedance (less 
than 50Q). 


Analog and digital ground planes should be substantial and 


common at one point only. The ground plane should act as a 
+3 V 


0.1uF 


10. 


MP87L99 


shield for parasitics and not a return path for signals. To re- 
duce noise levels, use separate low impedance ground 
paths. DGND should not be shared with other digital cir- 
cuitry. |f separate low impedance paths cannot be provided, 
DGND should be connected to AGND next to the MP87L99. 


DVpp should not be shared with other digital circuitry to 
avoid conversion errors caused by digital supply transients. 
DV pp for the MP87L99 should be connected to AVpp next to 
the MP87L99. 


DVpp and AVpp are connected inside the MP87L99 through 
the N — doped silicon substrate. Any DC voltage difference 
between DVpp and AVpp will cause undesirable internal 
currents. 


Each power supply and reference voltage pin should be 
decoupled with a ceramic (0.1uF) and a tantalum (10uF) ca- 
pacitor as close to the device as possible. 


The digital output should not drive long wires. The capacitive 
coupling and reflection will contribute noise to the conver- 
sion. When driving distant loads, buffers should be used. 
100Q resistors in series with the digital outputs in some ap- 
plications reduces the digital output disruption of Ajy. 


Figure 15. Example of a Reference Voltage Source 


+3 V 


+3 V 


DBO 


For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 


NOTE: High R values affect the input BW of ADC due to the (R * Ci, of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 16. +3 VA 
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For R = 5k use Beckman Instruments #694-3-R10k resistor array or equivalent. 
NOTE: High R values affect the input BW of ADC due to the (R * C)), of ADC) time constant. Therefore, for different 
applications the R value needs to be selected as a tradeoff between Ajj settling time and power dissipation. 


Figure 17. +6 V Analog Input 


MP7641 MP87L99 


r.t(C<CS 


@ Power Down write values to DAC 3, 2, 1 = DAC 4 to minimize power consumption. 
Only Ain and Ladder detail shown. 


Figure 18. A/D Ladder and Ajy with Programmed Control 
(of VREF(+), VREF(-), 1/4, 1/2 and 3/4 TAP.) 
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PERFORMANCE CHARACTERISTICS 


Idd(mA) 


Vdd=3.3V 
Vref(+)=2.6V 
Vref(-)=0V 


0.4 . 
42 ll 
SEnte imal 
2 
0.1 1 
(MHz) Fs(MHz) 
Graph 1. DNL vs. Sampling Frequency Graph 2. INL vs. Sampling Frequency 
5 05 
4 0.4 
g 
3 2" 
3 
2 B02 
1 01 
0 0 
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 06 0.8 1 
Fs(MHz) Fs(MHz) 
Graph 3. Supply Current vs. Graph 4. Power Down Current vs. 
Sampling Frequency Sampling Frequency 
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Listed Alpha-Numerically 
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FEATURES APPLICATIONS 
e Tested and Guaranteed as low as 5 ppm/°C e Building Block for Custom References 
Max Tempco e Low Current Voltage Reference for Hand Held 
e Wide Operating Range: 50 uA-5mA Multimeters 
e Low Output Impedance: 0.6 Q Typical e Voltage Reference for Video Flash Converters 
e Voltage Reference for D/A and A/D Converters 
BENEFITS e Precision Analog Control Circuits 


e Lower Sensitivity to Capacitive Loading 
e No Frequency Compensation Required 
e Accurate Stable Reference over Temp 


GENERAL DESCRIPTION range of 501A to 5mA, lower sensitivity to load capacitances, 
and a low output impedance of 0.6Q (typ). 


The MP5010 is a 2 terminal, band-gap voltage reference Specified for operation over the commercial (0 to +70°C), in- 
which provides a fixed 1.2 V nominal output voltage. The design dustrial (-40 to +85°C), and military (-55 to +125°C) tempera- 
and process enables us to provide guaranteed tempcos as low ture ranges, the MP5010 is available in Plastic TO-92, Metal 


as 5 ppm/°C max. We provide this with a wide input current Can TO-52, and Surface Mount (SOIC) packages. oe 


ORDERING INFORMATION 


Max Temperature Package 
Tempco Range Type 
MP5010GN —40 to +85 Plastic TO-92 


. = 
MP5010HN -40 to+85°C | Plastic TO-92 
MP5010LN -40 to +85°C | Plastic TO-92 

ie. 
C 


[~~ s. 


MP5010 


PIN CONFIGURATIONS 


ANODE (2) Lom 
_) ¥& Te 
a CATHODE (1) Led ANODE 


TO-92 PLASTIC TO-52 (Metal Can) 8 Lead SOIC (0.150”) 


CATHODE 


ELECTRICAL CHARACTERISTICS 


ai Tmin to Tmax 
Parameter Symbol Min Max Test Conditions/Comments 
NN I 


5000 


Reference Current 


Reference Voltage 1.200 1.220 1.250 IR = 5OOLA 
Output Impedance! 6 2 IR = 500A 
RMS Noise Voltage! 5 10Hz <f < 10 kHz 


In = SOOLA 


BREAKDOWN VOLTAGE 
TEMPERATURE COEFFICIENT 


IR = 500UA 
Tmin < Ta < Tmax 


G-S 


To rated specs 


Reverse Current 


ABSOLUTE MAXIMUM RATINGS!: 2: 3 


Maximum Temperature Lead Temperature (soldering, 10 sec) ........... +260°C 
Storage (JT, KT, LT, MT, NT) .......... —65 to +200°C ee 
Storage (GN, HN, LN, JR, GR, RR, LR) —65 to +125°C ee eee ep ar a) OU pease ies 
Operating Range (JT, KT, LT) ......... 55 to +125°C Power Dissipation (25°C) ................005. 13mW 
Operating Range (GN, HN, LN, NT, ..... —40 to +85°C Maximum Current 
MT, JR, RR, LR) Forward Current ............. 0.00 c eee eee eee 10mA 
Operating Range (MN, GR) ................ 0 to 70°C Peveise CUNGE 4c cedars sceneeeaenrrescanis 10mA 
NOTES: 


1 Guaranteed, not tested. 

e Limited by max forward/reverse current. 
Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation at or above this specification is not implied. Exposure to above maximum rating 


conditions for extended periods may affect device jateacale 
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cigs 8 8) 2 ee ee ee er ee eee 7-34 
Jiggy 3. | a eer ee ee ee eee Discontinued 
MIPTOG) Die cc pov ine cage kes o6oe 0b ben ce Has £505000082 eed hs bot buetesiseewea weaned ey Discontinued 
Pe he wea age atexeve ess che poe cke ead eee su en nyeeed Kb4-084 uae cb)aehs eh ashe can eareer ees 7-36 
NP OT le ox.goncceoen span cxs nnoees sea bres deere hous oan ene ba56E84 45s Re ieenubaeaeecs dadoas 7-38 
Pe UIE score nangesamnecnwece nes cue osns oosahe sbpeae nie sec OUR Lene een weeaienenaendaen es 7-40 
RP TSG ENE cc.0cd deb beneans bee abe vous oie bed enn chorea ate hveeteugen de ovewesdeqaseststmagner 7-42 
MP7622 DIE 


Discontinued 
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a Pe coo c et ak ne ka eR bok ee eh eh Pb be AER RERU ERs der sees Discontinued 
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CIP FOG Cie «fase ancondhewdnendeeauereeieeeeedacass nea aeuwedn tcaeds Gbdee tek oheehae weeny ons 7-48 
RG IE acetate peeeoesaneevet oyeesgss beens) sebewseedos ceraeer eee se eues beatanes 7-50 
EAP POA lke no eed booms nee en ceeue eae hee Pests eae es ee se tie beced ose sues eee Saceeews 7-52 
aioe 8 6 | ee eT ee ee ee ee ee ee ee Discontinued 
IP ea nv cen paeee ened. neer seed Pace eeatehs bad eeu neon eenabe gee eases st se esWwas Discontinued 
IP Pe IE, naan edie vo denas Fee b eee ec ed ey ogee es Ree ae sbwoeeamsscerwenesaymchas 7-54 
A vec cenpaneatcerneddadhe papa taba tebdee ae bb Sane oh cope rate ne ben twer seusetesye 7-56 
Rr Pe UNE 6 gacadee doxeesdtrotanptebacene des caecebessea gee sar ehentanan cant eeaars Discontinued 
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Jlevgc cg 0 | ne eee ee er ere tT ee eee eer eet eee Tere Discontinued 
gist go 42 || ee ee rr ee een a ee re ee ee ere 7-68 
RPE Oe OIG exer wnsnerbesweban de han ned verted eek ahve neeeaeeAee hee hho d a PMde aha keds diss 7-70 
ig || ee ee ee eee ee tee eT rr ee eer eT eee ee Tee 7-72 


rt EE ws os Ae SU be ewd Oceana san Ed eae ae eG ba eae Sake usecase bes Cueto een eucwokes 7-74 


So 


Die Information 


EXAR offers a wide variety of standard products in die 
form. This new section contains a data sheet for each 
product available in die form, with specific ordering 
information, electrical specifications, and _ physical 
characteristics useful to the end user. 


Sorted Wafer Inventory 


In addition to the layout of the die, the data sheets provide 
relevant information about die dimensions, pad 
designation, pad size (defined as the dimensions of the 
oxide opening), wafer thickness, backside electrical 
potential and material. 


The die are electrically tested in wafer form (see Figure 17, 
Process Flow for Plated Die). The Electrical Parameter 
and Test Conditions Table describes the electrical tests 
performed and the guaranteed limits. Each die is tested 
to those limits at room temperature. No other static or 
dynamic electrical test is implied or guaranteed. The bag siatciereloin all 
wafer goes then through the wafer saw process and the 
good die are plated (loaded in compartmentalized waffle 
packs) under clean room conditions. Each plated die is QC Inspection 
inspected for visual defects according to a commercial 2% LTPD 
standard to a 2% LTPD as defined in Appendix D of 
MIL-I-38535. 


Each waffle pack is labeled with the product name, die 
quantity, and lot number for full identification and 
traceability. The waffle packs are vacuum packed in 
antistatic bags before shipment. During the entire flow, 
the product is processed using strict ESD handling 
procedures. Wafers and die are packaged in antistatic 


material and handled only by personnel wearing proper 
antistatic attire and grounded wrist straps which are 
checked daily. All work is performed on antistatic work 


surfaces. 


EXAR makes no guarantee on yield after assembly by 
the user. Packaged device performance depends on 
proper assembly by the user. Packaged device 
performance depends on proper assembly procedures, 
package thermal impedance and selection of materials 


not under EXAR control. Figure 1. Process Flow 
for Plated Die 


Shipping 


The die grades included in this section represent EXAR 
standard products. Please contact the factory for 
information concerning non-standard die requirements. 
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MP1208/09 DIE 


12-Bit, Microprocessor Compatible 
Double-Buffered Digital-to-Analog Converter 
CMOS Die Specifications 


EERE AGREES 


ELECTRICAL CHARACTERISTICS 


fe EXAR 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Veo GND occccacaveneessvsdersscevesees OV, +17 V 
Neaee WON -.ccccccccekaneneneineesasea owen +25 V 

Digital Input Voltage (Vij) toGND ... —0.5 to Vpp +0.5 V INL DNL GE 
Vout1; Voute (pin 1, pin 2) to GND .. —0.5 to Vpp +0.5 V 

Tg) cccececnsakuewseusee eevee wear tnd 150°C MP1208K-DIE 


| 


Electrical Parameters And Test Conditions (Ta = 25°C, Vpp = 15 V, Vrer = 10 V) 


PARAMETER DESCRIPTION 
12 
5 


pte 
| INL | Relative Accuracy | 
| ONL | Differential Non-Linearty | 
PGE | Gaineror | 
| psrR | PowerSupply Rejection Ratio | 
| tour | Output Leakage Current | 

ps 


Se Oe 
Tia | wputtedagscuren | 
[lo | SuppiyCures 


Die are 100% electrically tested in wafer form to meet the limits shown above. 
Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 


Absolute maximum ratings are for TA = 25°C unless otherwise specified. 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 


1 

2 

3. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

5 

6 Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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MP1230A/31A DIE 


12-Bit Microprocessor Compatible 


Double-Buffered Digital-to-Analog Converter 


CMOS Die Specifications 
LEE EERE EDS 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


Vpp eS, wowe davaeaks dou resosaneneese 
VREF MOTEL! ccvcacanncouwrcenuveebexchexnaves +25 V 
Digital Input Voltage (Vij) to GND ... —0.5 to Vpp +0.5 V 
VouTi: VouT2 (pin ls pin 2) to GND .. -0.5 to Vpop +0.5 V 
TAS) oon ooo ewe ed unearvadereseye ones 150°C 


EIR 


Ordering Information 


INL DNL GE 

LSB LSB LSB 
MP1230AB-DIE 
MP1231AB-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, VDD = 15 V, VREF = 10 V) 


Logic “ny 


Input Leakage Current 
Supply Current 


NOTES: 


; Die are 100% electrically tested in wafer form to meet the limits shown above. 
Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 


Absolute maximum ratings are for TA = 25°C unless otherwise specified. 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 


1 
2 
3. 
4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Pad Designations 


1. CS 8. Vrer 15. DB9 (DB1) 

2. WRi 9. Rep 16. DB8 (DBO) 

3. AGND 10. DGND 17. XFER 

4. DB7 11. lout 18. WR2 

5. DB6 12. loyte 19. BYTE1/BYTE2 
6. DB5 13. DB11 (MSB) (DB3) = 20. Vpp* 

7. DB4 14. DB10 (DB2) 


*Connect Pin 20 First 


MP3274 DIE 


Complete 32 Channel, 12-Bit 
Data Acquisition Subsystem 
CMOS Die Specifications 


ER eT? 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 
Wee tO DGND ..cccccienenevsvanseas's 0to+16.5V 
Veg to DGND .............0- eee eee 0 to-16.5 V 
INL DNL 
hs rela RNG eee dod oedema BRS Se 0 to : : (LSB) | (LSB) _ ee - 
Digital Inputs/Outputs | mesovak-vie [| 2 | 1 [| it | 
IO DGND icsecnseseanaves —0.5 V to Vioaic +0.5 V 
Analog Inputs (AjjyO — Ajy31, GND REF) 
(DAGON cccesxavacraeeaisiasdaeenad was +16.5V 
20 Vin to AGND ....... cece cece cece eee eens +60 V 
Aer OUT ccsecennnenwos Indefinite short to DGND, 
Momentary short to Voc 
TSA a t0ce 6 ores cnenees encom ee nnn 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Voc = +15 V, Vpp = +5 V, Veg = -15 V) 


a TO 
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[rsa | Power supp Rejecton aio | | a2 | iss [SSS 
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co | Sump curene i Sd | mm 
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NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 

Electrical parameters above are for laser trimmed die. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
ae 1* Veg 14 AGND3 27 DBI10 41 
X = 212.2 mils, ¥ = 232.68 mils 2 An24 15 DGND 28 DBI11/SDO 42 
4 Awn26 17 NIC 30 STL 44 
5 Ano? 18 DB1 31 PXS 45 
6 Awn28 19 DB2 32 RD 46 
8 An30 21 DBA 34 WR 48 
¢ AU 22 DBS  @9 ADEN 49 
11. AGND 24 DB7 37 AB3 51 
12 REFIN 25 DB8 38 AB2 52 
13 REFOUT 26 DB9 39 ABI 53 
40 ABO 54 


ng 


Vpp 
Vec 
AinO 
Ain 
Ain3 
Ain 
Ain7 
N/C 
Ain8 
Awn9 
Ain10 
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Ain11 
Ajnt2 
Aini3 
Ain14 
Ajn15 
AGND2 
Aini6 
Ain17 
Ain18 
Ain19 
Ajn20 
Ain21 
Ain22 
Ain23 
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MP7226 DIE 


Quad 8-Bit 
Digital-to-Analog Converter 
BICMOS Die Specifications 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vpp TO AGND, DGND .siscccavitonevans 0 to+17 V | Parameters 

Digital Input Voltage to DGND ....—0.5 to Vpp +0.5 V 

Vrer to AGND, DGND .......... -0.5 to Vpp +0.5 V a 88) | en 
Veo TO AGND, DGND 2 cccvvensccwew as +0.5 to-7 V 

Ty (MAXIMUM)... 2.0 c ccc eeeeeeeeeeeeeeeeees 150°C | mpv2cek-view | +1 | +1 | a1 | 


*Note Limitation for product Vaer — Vsg <11 V 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vsg = —5 V, Vrer = 5 V) 


PARAMETER DESCRIPTION rar UNITS CONDITIONS 


P| Reson Pe Pts 
| NL | Relative Accuracy | | tt LSB | EndpointLinearity Spec 
| ONL | Differential Non-Linearity | | tt | tsa 
pce | Gainer Tt ts 
| Rw | input Resistance | TK Min Ryatcode 14919 

ee 
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NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
eg ~ ~ 1. Vourte 8. DB6 15. WR 
Die Size X = 3440n, Y 36401 2 Von 9 DBS 16. At 
4 X 4 mils nominal 3. Vsgs 10. DB4 17. AO 
4. VrRer 11. DB3 18. Vpp* 
Pad Metal 5 AGND 12. DB2 18 Yona 
15 mils nominal 6. DGND 13. OBI 20. Vours 


7 , . DB7(MSB) 14. DBO (LSB) 

Backside Material Si 
is in 18 fi 

Backside Potential Vop CHASE Pit FEMS: 
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MP7228 DIE 


Octal 8-Bit 
Digital-to-Analog Converter 
BICMOS Die Specifications 


lee 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 
Vop fe CAG! oc svuxek tae ow meen wees es 0 to+17V | Parameters 
Digital Input Voltage to GND ..... —0.5 to Vpp +0.5 V 
a DNL 
Weer (@GND. cantcsacnvetuw dues —0.5 to Vpp +0.5 V (LSB) (LSB) LSB} 
Nee TON) vsa640eneres i eurvsudaays +0.5 to -7 V 
Ty (maximum) .....0 0.00 cece cece 150°C ac 


*Note Limitation for product Vaer — Vss <11 V 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vss = —5 V, Vrer = 5 V) 


PARAMETER DESCRIPTION rr UNITS CONDITIONS 


a 
[ine Rave cures =i at se | ene pont tneanty Spon 
ee a 
[ae | Fulsea enor [|] a1 | 153 | SS 
a a 
vw [toes |e PP 
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xe | rputleaiagecuren’ | itt PPS 
[too | Sunivourent SiC tf ma POSCSC~SCS 
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NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
1.. Vpp’* 7. Voyt3 13. DB7(MSB) 19. DB1 
2. Vout8 8. VouT2 14. DB6 20. DBO (LSB) 
3. Voyt7 9. Vout 15. DB5 21. WR 
4. Voyt6 10. Vss 16. DB4 22. A2 
5. VoutS 11. Vrer 17. DB3 23. At 
6. VoytT4 12. GND 18. DB2 24. AO 


*Connect pin 1 first 


MP7523 DIE 


8-Bit Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


Te eee 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vi 10 GND: occvuxcsenspsndnaedeveureeoneds OV,+17V 
Veer TOGO ons saccrt see adaee sce sabetocen otama +25 V 

Digital Input Voltage (Vin) to GND .... —0.5 to Vpp +0.5 V DNL 
Vout, Voure (pin 1, pin 2) to GND ..... -0.5 V to +6.5 V (LSB) LSB) (LSB) 
Tee) sia decsccracdt ewes cadsos eer een ons 150°C 


1.0 
MP7523B-DIE 


Electrical Parameters And Test Conditions 
(Ta = 25°C, Vpp = 15 V, Vrer = 10 V) 


PARAMETER DESCRIPTION aie” | aie UNITS CONDITIONS 


a a ee 
P INL Best Straight Line 


N 
INL | 

Pio | iss | Cid 

E 

IN i 

IN 

IL 


| ce | Gainer | 
PSRR Power Supply Rejection Ratio fT 00 | ppm /% Using Internal Rep 
Output Leakage Curent | | so | na 


OT 
Sa 
[too | Sunptyourent ii 


NOTES: 

1 Die are 100% electrically tested in wafer form to meet the limits shown above. 

2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

5 Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
6 Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
ae — . 1. louti 7. BIT4 13. N/C 
Die Size X = 63 mils, Y = 69 mils ie 8 BITS 14, Voous" 
4 x 4 mils nominal 3. GND 9. BIT6 15. Veer (IN) 
a Lore eae mes 
Al 5. BIT2 11. BIT 8 (LSB) 
15 mils nominal 6. BIT3 12. N/C 


Backside Material * Bond Pin 14 First 


Backside Potential Von 
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MP7524 DIE 


8-Bit Buffered Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


eee 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Wie fOGND cccncensnddepacsdviecaxsusvecs OV, +17V 
VREF TOS! sects cdéanaweknsee ees ee cee eawsnes +25 V 

Digital Input Voltage (Vij) to GND ... —0.5 to Vpp +0.5 V aoe aes LSB) 
Vout1, Voute (pin 1, pin 2) toGND ..... On —————— ——  ———— 
Ty (maximum) ........0.0c ccc e eee c cere ee eeees 150°C MP7524J-DIE 


Electrical Parameters And Test Conditions 
(Ta = 25°C, Vpp = 5 V & 15 V, Vref = 10 V) 


Resolution 


Relative Accuracy 
Differential Non-Linearity 


Power Supply Rejection Ratio ppm /% 
ppm / % 


Logic “0” 


Input Leakage Current 
Supply Current 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 


X = 63 mils, Y = 69 mils 


1. louti 7. DB4 13. WR 
4X 4 mils nominal 2 loure 8. DB3 14. Vop" 

4. DB7(MSB) 10. DB1 16. Rep 
15 mils nominal 5. DB6 11. DBO (LSB) 

6. DB5 12. OS 


* Bond #14 first 
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MP7524A DIE 


8-Bit Buffered Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


2 2 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vpp to GND ............c cece cess eee eeees OV, +17V 

Veer IOGND .ssavivcsxecneneasdnenaeeaeneowns +25 V 

Digital Input Voltage (Vij) to GND ... —0.5 to Vpp +0.5 V Part No. | sB) (LSB) se) | 

Vout1, VouT2 (pin 1, pin 2) toGND ..... —0.5 V to +6.5 V 

Ty (MAXIMUM) ..... ee cece eeeeeeeeeeeeeeeseees 150°C |_MP7524AA-DIE Le er 
MP7524AB-DIE | 0.25 | 1.0 __ 


Electrical Parameters And Test Conditions 
(Ta = 25°C, Vpp = 5 V & 15 V, Vrer = 10 V) 


PARAMETER DESCRIPTION 


PN | Resoution 
| INL | Relative Accuracy | 
| DNL | DiiferentialNon-Lineariy || 
pce | Gaineror 
ee! 
a 


ppm /% Vpp=5 V 
ppm / % Vpp = 15 V 


GE 
PSRR Power Supply Rejection Ratio 


Output Leakage Current 
Input Resistance 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 
1. loutt 7. DB4 13. WR 
X = 63 mils, Y = 69 mils 2. leu 8. DB3 14. Vop* 
4 X 4 mils nominal 3. GND 9. DB2 15. Vaer 
Cease [a 5 DBO. 11. DBC = 
Pad Metal 5. DB6 11. DBO (LSB) 
15 mils nominal By Gite 12. CS 
* Bond #14 first 


Backside Material Se 


MP7528 DIE 


8-Bit Dual Buffered Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


Vom tO GND  ccxstssadtresenntuns deena e ks OV,+17V 
Wee IONE seed need ccwaeeeneurncis aeaw eres +25 V 
Digital Input Voltage (Vij) to GND ...-—0.5 to Vpp +0.5 V 
Vout1, VouTe (pin 1, pin 2) to GND ..—0.5 to Vpp +0.5 V 
1) (MSM) ec vck in eee swone > ceva erepewewen« 150°C 


Ordering Information 


INL DNL GE 
LSB LSB LSB 


MP7528J-DIE 
MP7528K-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, VDD = 5 & 15 V, VREF = 10 V) 


Input Resistance 
DAC A/DAC B Resistance Match 


Logic “1” 


Logic “0” 


NOTES: 
Die are 100% electrically tested in wafer form to meet the limits shown above. 
Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 


Absolute maximum ratings are for TA = 25°C unless otherwise specified. 


PARAMETER DESCRIPTION ia 


Pee | UNITS CONDITIONS 
a 


End Point Linearity 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 


1 

2 

3. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 

6 


Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data 


Y Rv.10 fF ff ff 


Backside Potential 


MP7528 DIE 
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Pad Designations 


1. AGND 8. DB6 15. TS 

2. louta 9. DB5 16. WR 

8. Reg A 10. DB4 17. Vos" 
4. Veer A 11. DB3 18. Veer B 
5. DGND 12. DB2 19. Rep B 
6. DACA/DACB 13. DBI 20. lout B 
7. DB7(MSB) 14. DBO (LSB) 


* Bond #17 first 


MP7529A DIE 


8-Bit Dual Buffered Multiplying 
Digital-to-Analog Converter > ~d EXZ ye 
CMOS Die Specifications ZN 


ELECTRICAL CHARACTERISTICS 


sg 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Me PGND? oeceaehseedeee cae doe eaneeedes OV, +17 V 

VeertOGND oss lee. 125 V 
Digital Input Voltage (Vij) toGND ...... —0.5 to +7.5 V 
Vout1, Vout2 (pin 1, pin 2) toGND ..... -0.5 to +6.5 V (LSB) (LSB) (LSB) 

Ty (maximum) TET TET TC LITLE Le 150°C MP7529AJ-DIE 


Electrical Parameters And Test Conditions (Ty = 25°C, Vpp = 15 V, Vrer = 10 V) 


Relative Accuracy : End Point Linearity 


. 
Differential Non-Linearity 


Power Supply Rejection Ratio 
Output Leakage Current 


Logic “0” 


Die are 100% electrically tested in wafer form to meet the limits shown above. 
2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 
4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 
X = 83 mils, Y = 110 mils > oe B DEG TE 
oA. 4 OHS Niort 3. Repa 10. DB4 17. Vpp* 
Pad Metal 4. VREFA 11. DB3 18. VReFeB 
15 mils nominal a eee eee 
So ee 
Backside Material Si 7. DB7(MSB) 14. DBO (LSB) 


Rev.10 6% $f ff 


*Connect Pin 17 First 
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MP7529B DIE 


8-Bit Dual Buffered Multiplying 
Digital-to-Analog Converter > ~d EX a4 
CMOS Die Specifications ZN 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Wing tO CAND 5 contanea ceva e ee xd oda duns eens OV,+7V | séParameters 
Wace Se GN) cnciscu te sees uxteetawederwsewana +25 V Parameters 

Digital Input Voltage (Vij) toGND ...... —0.5 to +7.5 V 
Vout1, Voute2 (pin 1, pin 2) toGND ..... ~0.5 to +6.5 V (LSB) (LSB) (LSB) 

Ty (maximum) ever ere TET e CEST Te ere Tre 150°C MP7529BJ-DIE 


Electrical Parameters And Test Conditions (Ta = 25°C, Vpp = 5 V, Vrer = 10 V) 


PARAMETER DESCRIPTION 


E 
N 
L. 


| sk | 
pel 
a 
| GE | Gainer CTC 
| PSRR___| PowerSupply Rejection Ratio | ———|_—100_'|__ppm/% 
| tour__|_OutputLeakage Current || 50. 
a 
ee 
[ Seppy Corer 
NOTES: 


1 Die are 100% electrically tested in wafer form to meet the limits shown above. 
2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 

3 AA mills aGraleiel 3. Repa 10. DB4 17. Vpp* 
Pad Metal A. Vina 11.DB3 18. Vrers 

15 mils nominal 5. DGND 12.DB2 19. Reap 

ee ee ae 
Backside Material Si 7. DB7(MSB) 14, DBO (LSB) 


*Connect Pin 17 First 
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MP7541B DIE 


Multiplying 12-Bit 
Digital-to-Analog Converter 
CMOS Die Specifications 


SEBO EEE AR 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


| Parameters 
a DNL GE 
| (LSB) | | (LSB) | (LSB) 


[wprsaiecoe | os | 10 | 6 


Vog tO GND cocesceectcensannscnanen enum 17 V 
WeertOGND cscvexbcasanwanesesnges waens +25 V 


Digital Input Voltage (Vij) to GND 
La snMieNiteswiewe oa anse ae GND -0.5 V to Vpp +0.5 V 


Vout1, VouTe2 (pin 1, pin 2) to GND 
Seth ka hie ee ea eae PRESS RO GND -0.5 V to Vpp +0.5 V 


TPG cvs ee cscisveedvdedasarenaes ss 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Veer = +10 V, louti =lout2 = GND = 0 V) 


a 


} INL Relative Accuracy | +05 | LsB | End Point Linearity 
| ONL ___|_Diferential Non-Linearity es ee 
| Ge | 6 | 1s | Using intemal Ap 
+10 


PSRR Power Supply Rejection Ratio +50 ppm/% Using Internal Reg 


ei 
— 
_ 
a 
[tna | Output Leakage Curent | 
ee 
BT 

_ 

eI 

_ 


Input Leakage Current 
Supply Current 


Inputs 0,5 V 


NOTES: 

1. Die are 100% electrically tested in wafer form to meet the limits shown above. 

2. Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

5. Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
6. Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Backside Potential 
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Pad Designations 


1. louts 10 
2. loute 11 
3. GND 12 
4. BIT1(MSB) 13 
5. BIT2 14 
6. BIT3 15 
7. BIT4 16 
8. BITS 17 
9. BIT6 18 


1-29 


MP7541B DIE 


r= UCI * 


, BIT 7 

. BIT 8 

. BIT 9 

. BIT 10 

. BIT 11 

. BIT 12 (LSB) 
. Vpp* 

. VREF 

. Rep 
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MP7542 DIE 


12-Bit Microprocessor Compatible 


Digital-to-Analog Converter » ~s EX wt 
CMOS Die Specifications /N 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Von OCR vexavtecnsavescenusceeens de tous OV,+7V 

Vrert0GND I, 25 V 
Digital Input Voltage (Vix) to GND ... -0.5 to Vpp +0.5 V 
Vout1; VouTe2 (pin 1, pin 2) to GND .. —0.5 to Vpp +0.5 V LSB LSB LSB 
TQM) «eae eis cendeeeweadaenswecdued es 150°C MP7542J-DIE 


| 


Electrical Parameters And Test Conditions (Ty = 25°C, Vpp = 5 V, Vref = 10 V) 


PARAMETER DESCRIPTION ears UNITS CONDITIONS 


PN | Resoution tte Tits SP 
| NL | Relative Accuracy | | | tSB | BestStraightLine 
| DNL | Differential Non-tinearity | | tots 
pce Gainer to | ts Using internalRep 
| PsRR | PowerSupply Rejection Ratio | | 50_ | ppm | 
| tour | Output Leakage current |_| too | mA 


| Rw _|_ input Resistance Pos | wo] mom | 
ee ee ee ee 
a eee ee ee ee ee 

a 


NOTES: 
Ms Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 


Oo 1Skhe2 


Die Data 
X = 97 mils, Y = 134 mils 1. loutt 7. DO 13. CLR 
Pad Size 4 X 4 mils nominal 3. AGND 9. WR 15. Vege 
Pad Metal 4. D3 10. AO 16. Rea 
15 mils nominal 5. D2 11. Al 
6. D1 42. DGND 


Si 


np 


*Connect Pin 14 first 
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MP7543 DIE 


12-Bit Serial Input 
Digital-to-Analog Converter 
CMOS Die Specifications 


SS .r™””—~—”C=d"nNR—_- _ CUP 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


Woe TO GN <o< beretencedavecevescavedarss ~—OV,4+7V 
Weee lO). ccttavccnns vase nsaeivantcadseons +25 V 
Digital Input Voltage (Vij) to GND ...—0.5 to Vpp +0.5 V 
Vout1; VouTe (pin 1, pin 2) to GND .. —0.5 to Vpp +0.5 V 
Pen) oce cies ceneeeoekeese cab eeineawns 150°C 


Ordering Information 


INL DNL GE 
LSB LSB LSB 
MP7543J-DIE 
wprsask-Die | 05 | 1.0 | 120 _ 


Electrical Parameters And Test Conditions (Ty = 25°C, Vpp = 5 V, Vrer = 10 V) 


PN | Resolution 
| IN| Relative Accuracy 
| ONL | DiferentialNon-Linearity | 
pce | Gainer 


a 
a 


Input Leakage Current 


NOTES: 


OORwWNH 


PARAMETER DESCRIPTION - ar UNITS CONDITIONS 


ones STs 
ae 
wae 
ee 
aa 
| Aw | iputresstznce | 80 | 200 
| 3.0 
a 
ae 


en 
Best Straight Line 


12.0 co Using Internal Rep 


os 
10.0 


Vin =0VorVpp 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 


2. loute2 8. STB2 14. Vpb* 

Pad Metal 4. STBt1 10. STB3 16. RFB 
15 mils nominal 5. [DT 11. STB4 
6. NC 12. DGND 


*Connect pin 14 first 


Backside Material 
Backside Potential 


MP7545B DIE 


Buffered Multiplying 12-Bit 
Digital-to-Analog Converter 
CMOS Die Specifications 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


Vop 10 GND Vn c.nenecnessessceueseuaes 0to+17V 
VREF PONGINLD ge sdeuaksescotedeke hence wenn +25 V 


Digital Input Voltage (Vij) to GND 
OTe TTTTT Terr Te eT GND -0.5 to Vpp +0.5 V 


Vout to GND ............. GND —0.5 to Vpp +0.5 V 
TEU 0. ces eed ccnsauwtaasacwanewe es 150°C 


Ordering Information 


Parameters 


INL DNL GE 


| Mp7s4sBK-DIE_ | 0.5 | 10 | 6 | 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 & 15 V, Vref = 10 V) 


Logic “O” 


Input Leakage Current 
Supply Current 


End Point Linearity 
Using Internal Reg 
Using Internal Rep 


Vpp = 15 V 


V Vpp =5 V 
: Vpp = 15 V 
ee ee ee 
input 0 to Voo 


Die are 100% electrically tested in wafer form to meet the limits shown above. 


Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
Absolute maximum ratings are for TA = 25°C unless otherwise specified. 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 


2 

3. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 

6 


Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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MP7610 DIE 


Octal 14-Bit DAC Array™ 

Digital-to-Analog Converter with Output Amplifier 
and Serial Data/Address uP Control Logic 
BiCMOS Die Specifications 


Se rl—FeC"EEDT. C'S 


ELECTRICAL CHARACTERISTICS 


fe EXAR 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Voc TO AIGND og cccccscusaxnnvceuuevasewnus +16.5 V | Parameters 

Ver toAGND ........... cece cece sees e eee -~16.5 V ae — = 

DVpp toDGND ..............ec eee cece eee 6.5V 

V to GND 6V (LSB) | (LSB) (LSB) 
REF ee ee ae ee ee 

Ty (Maximum) ........000ccceeeeceeeeeeees 150°C | mp7etoa-DiE | 80 | 40 | a2 | 


Electrical Parameters And Test Conditions (TA = 25°C, Vcoc = +12, Veg = -12 Vpp = 5 V, Vref =5 V) 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 


AGNDO 11. Voq4 21. SLK 


Voo 12. Vos 22. SDO 
Voe2 14. Vo7 24. N/C 
Vo3 15. AGND1 25. DVpp 


VEEO™ 16. N/C 26. N/C 
Voco 17. RST 27. N/C 
VREF 18. N/C 28. DGND 
Veci 19. LD 

10. Very 20. CLK 


*Bond pins 6 & 10 first 


Pad Metal ee 
15 mils nominal 


Backside Potential rr 
Rev.1.00 ff ff 
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MP7611 DIE 


Octal 14-Bit DAC Array™ 

Digital-to-Analog Converter with Output Amplifier 
and Parallel Data/Address uP Control Logic 
CMOS Die Specifications 


Se  .,lClU“ 


ELECTRICAL CHARACTERISTICS 


fe EXAR 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Voc TO FIGING oncau dew sede hve eaci mew eeees +16.5 V | Parameters 

VEE IO RGNE cvsccea vested <ianeceen sages —16.5 V Se ee DNL GE 
DVpg to DGND ...cccaencaktercanwuceayene 6.5V LSB Sp rep 
VREF 1OSNG awxkeacau rede teededeveséubavawe 6 V ( ) ( ) ( ) 

Ty (maximum) ..........00cceeeeeeeeeeeeees 150°C | wpmeadie | 80 | 40 | 32 | 


Electrical Parameters And Test Conditions (TA = 25°C, Vcc = +12, Veg = -12 Vpp = 5 V, Vrer =5 V) 


PSRR 


PRN 

Pin 

Pw | bogie 
[xa | puttestage caren | 
ee 
| tcc | SupplyCurrent | 
| tee | SupplyCurent | 
NOTES: 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 


OnRON= 


TOM 


7-38 


¥% EXAR oo MP7611 DIE 


PHYSICAL CHARACTERISTICS 
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Die Data 


; 1. N/C 12. VO5 23.A1 34. D9 
2 Vos (13,VO8 «24. AD—«35 DIO 
a ae” a 
Pad Metal 5. NIC 16. CS o7.02 38. D13 
7. Vereen 18. R2 29.D4 40. DGND 
8. Veco, 19. RT 30.D5 41. AGND 
9. Veey* 20. LD2 31.D6 42. Vo 
10. Vo4 21. LDT 32. D7 43. Voi 
*Bond pins 3 and 9 first 11 . N/C Be. A2 Bo D8 44. Vo2 
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MP7614 DIE 


14-Bit Monolithic Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


Prt cc“ "CCUG 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


Vor tOGND castcreeerteserdawrevnesdads OV, +17 V 
VeertOGN? scccncchuatincnwneavanguaakuaes +25 V 
Digital Input Voltage (Vij) toGND ...-0.5 to Vpp +0.5 V 
Vout1, VoutTe2 (pin 1, pin 2) to GND ..-0.5 to Vpp +0.5 V 
Lie 6c acs vcan nernsnedwon cence veces 150°C 


| (LSB) | | (LSB) | | (% FSR) | 
Twpveipe | 33 | 40 | oa | 
MP7614K-DIE__| 16 | 20 | o8 | 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vrer = 10 V) 


_araweren | ___oescnprion | _mw_|_wax_| _uwrs | __conomons 
a 
[wc [tte nosey | | 93 | 158 | eestgvaghtine 
[on oiterertsinoninearty | | «0 [ose 
[oe canter | | |r| tang reg 
[rsa | PowersuppyReestennaio | | amos [aim 
eur | outputeatage curent | | 100 | ma | tgurstaniage 
aaa ee 


a 
ae 
po 
a 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
X = 101 mils, Y = 134 mils fount ie fa 
2. loute 9. BIT6 16. BIT 13 

4 X 4 mils nominal 3. GND 10. BIT7 17. BIT 14 
Pad Metal a ee 4. BITi(MSB) 11. BIT8 — 18. Vo" 

15 mils nominal ee BITS 12. BITS = 19. Var 

ee ae S ona i. 
Backside Material 7, BIT4 14. BIT 11 


Backside Potential ——— 
Rev.10 Jf f , 


*Connect pin 18 first 
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MP7616 DIE 


16-Bit Monolithic Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 


SE a” 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


Voo tO GND wiaccncceterncnewvawaasannwer OV, +17V 
VRErIOGIND s6euednacedcvneneceses daerieeesn +25 V 
Digital Input Voltage (Vin) toGND .. —0.5 to Vpp +0.5 V 
Vouti, VouTe2 (pin 1, pin 2) to GND . —0.5 to Vpp +0.5 V 
Teg (EMU i aoc avn cec ca vuceas geste vsewsys 150°C 


INL DNL GE 
|_(LSB) _ |__ (LSB) | |_(% FSR) | 

 wpvereu-pe | 133 | 160 | 08 

wpverek-DiE | 66 | 80 | 08 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vrer = 10 V) 


PARAMETER DESCRIPTION rr UNITS CONDITIONS 


PN | Resoution tte its 
| NL Relative Accuracy | | t8.3 | SB | BestStraightLine 
| ONL | Differential Non-Linearity | | tao | tsa 
| Ge | Gainer | | SR | Using intormalRep 

aE 


PSRR Power Supply Rejection Ratio f. | 0.005 
Output Leakage Current P| to Atay Leakage 


input Resistance [eareieen | _+ |_| ao 


——— oc ee 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 


: 2 BIT4 9. BIT11 16; Vere 
acme ACL 3. BITS 10. BIT 12 17. Rep 
Pad Metal 4. BIT6é 11. BIT13 12. tenes 
15 mils nominal 5. BIT7 12. BIT 14 19. lout 
eee eee ee 
Backside Material Si 7, BIT9 14. BIT16(LSB) 21. BIT 1 (MSB) 
Backside Potential 22. BIT 2 


*Bond pin 15 first. 


MP7626 DIE 


16-Bit Microprocessor Compatible Buffered 
Multiplying Digital-to-Analog Converter 
CMOS Die Specifications 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

WH OUI sccgcwneen weenie eee ee ems OV, +17 V ee 
Nee (NUD vccaneearsSvier'enwovabae daetvender 425 V Paramnters 

Digital Input Voltage (Vix) to GND ... -0.5 to Vpp +0.5 V 
Vout, Voute (pin 1, pin 2) to GND .. -0.5 to Vpp +0.5 V | (LSB) | (LSB) 

Ty (maximum) see eR SRDO CES SERED TaD DS BOSE ET ET 150°C BSE | DIE F hese | 025 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vref = 10 V) 


PARAMETER DESCRIPTION |_vescrprion | mn _| max _|_unms__ UNITS CONDITIONS 


fw | esoution Pte Pte 
| NL Relative Accuracy | | 40 | ts | BestStraightLine 
[DNL | Differential Non-Linearity | | 40 | esa | 
pe | Gaintrror | ors | 
| PSAR | PowerSupply Rejection Ratio | | 50 | ppm/%m@ | 
| tour OutputLeakage Current | | t0.0 | nA tguryonty 

ae 


ca OT 
a a 
SN 

[too | sunpty Curent | iY 20 (| mad) enor 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 


DB4 s-«9.”—«*DBI12~—s‘ 17. Voo* 

DB5 10.DB13 18. AGND 

DB6 11.DB14. 19. LSB LATCH 
DB7 12.DB15 20. MSB LATCH 
DB8 13. Veer —- 21. DBO (LSB) 
DB 14. Rep 22. DBI 

DB10 15. loyto 23. DB2 

DB11 16. loyt; ~—s«24. DB 


*Connect pin 17 first 


| 
Backside Potential 
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MP7628 DIE 


8-Bit Multiplying Quad 
Digital-to-Analog Converter 
CMOS Die Specifications 


S.-r™=—=r_C-:=adddsl UCD 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


Parameters 


AGND to DGND ..........0cccceeeceeeeeeeeeeees Vop 


DGND to AGND ............. cece cece cece eee ees Vop 
Vong t0 AGND , fiicccvewentdadsceseeaadvnss OV,+7V GE 

Wop 10 DGND ..ccccescecceeseevnerdeanenes OV,+7V Part No. LSB LSB LSB 
Dig! Input Voltage to DOND «....-.---++ 05.47 V TF ypreens DIE 

IN2> IN20 TO AGN .. wwe eee eee eee eee —-U. ‘ 

Vacca pc plOAGND ...:.ccccceecceccesnecess +25V MP7628K-DIE 
VRFEA BCD WAGND .occcscsaaeeeereoeecaac se +25 V 

FCS ic an 6k ede See whdoen eee elens +150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vref = 10 V) 


PARAMETER DESCRIPTION rare UNITS CONDITIONS 


a aes 
Relative Accuracy isp End Point Linearity 


i 


aa oe 
Cs 
os 

7 
[psn | Power Suppy Rejection Ratio | | 200 | 
a Te 
|_| inputResistance | 12 | 8 
i Loe ee 
[vy | toe SS—~—~sSCSsC“C~*~dCi 
| inputueakage Curent | | _ 

rseevown | it 
NOTES: 


Die are 100% electrically tested in wafer form to meet the limits shown above. 


2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

5 Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
6 Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data Pad Designations 
Red 2 Vases 9. DBO(LSB) 16. DB7(MSB) 23. lourip 
4 x 4 mils nominal 3. Repa 10. DB1 17. AB 24. loutec/2p 
i i aaa 00. DE ne 
15 mils nominal 6. loutis 13. DB4 20. DS2 27. VREFc 
Backside Material 7. Pree 14. DBS 21. VrerD 28. Vsg 
Backside Potential 


* Bond Pin #1 First 
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MP7633 DIE 


10-Bit Multiplying 
Digital-to-Analog Converter 
CMOS Die Specifications 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


INL DNL GE 
LSB LSB LSB 


Vpp to MLD wcsverwen ge avedeuveneceueae es OV, +17 V 
VEER IOGN cons cane te Nace yor ena ddeanvnneas +25 V 
Digital Input Voltage (Vij) toGND .. —0.5 to Vpp +0.5 V 
Vouti1, VouTe (pin 1, pin 2) to GND . —0.5 to Vpp +0.5 V 
TSAI axed scene naanasciskesnn ness 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vref = 10 V) 


PARAMETER DESCRIPTION 


. 


Resolution 


Relative Accuracy 
Differential Non-Linearity 


Output Leakage Current 


input Resistance 


Logic “0” 


Input Leakage Current 
Supply Current 


Power Supply Rejection Ratio 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Pad Designations 


louTi 7. BIT4 13. BIT 10 (LSB) 
louT2 8. BITS 14. Vopi+)" 
Vss 9. BIT6 15. Veer 


_ BIT1(MSB) 10. BIT7 16. Rep 
BIT 2 11. BITS 
BIT 3 12. BIT 


*Connect Pin 14 First 
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MP7636A DIE 
16-Bit Microprocessor Compatible, Double-Buffered ey, 

Multiplying Digital-to-Analog Converter > “dg EXAI = 
CMOS Die Specifications /N 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Won tO GND ccccccsnaeavecnaunvivennarens OV, +17V 
Weer 16ND onueeesewasdassentusuuenseonerans +25 V 

Digital Input Voltage (Vi) to GND ... —0.5 to Vpp +0.5 V GE 
Vout1, Voute (pin 1, pin 2) to GND .. -0.5 to Vpp +0.5 V LSB LSB 7o 

1} PSION) 6 vn ec ehsweae sds Ose eesceeedaaawn 150°C MP7636AU-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vref = 10 V) 


PARAMETER DESCRIPTION Cie, | ee | UNITS CONDITIONS 
| 40 | ts | Best Straight Line 


| INL | Relative Accuracy B | Best Straighttine | 
ONL a eS 
A 


louti only 


p16 
ete 
ae 
PGE | Gaineor os | 
| PsRR | Power Supply Rejection Ratio | 
_——a- 
| Rw | InpurResistance | 8 


Differential Non-Linearity 
Output Leakage Current pA 
pv | topics” to 
i poop Pov 


NOTES: 

1 Die are 100% electrically tested in wafer form to meet the limits shown above. 

2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 
ge = ; 7 i. 8. VreF 15. DB13 (DB5) 
Die Size X= 165 aul Y= Us mils > WRT 9. Rs 16. DB12 (DB4) 
4 X 4 mils nominal 3. AGND 10. DGND 17. ATER 
Al (OES) - lout 19. BYTE1 2 
15 mils nominal 5. DB10 (DB2) 12. lout2 20. Vpp* 
et es Mega 
Backside Material SI 7. DB8(DBO) 14. DB14 (DB6) 
Backside Potential Von *Bond pin 20 first 


MP7641 DIE 


8-Channel High-Speed Non-Linearity 

10 MHz Input Bandwidth 8-Bit 

DACs with Output Buffer and Serial Digital 
Data Port, BICMOS Die Specifications 


SEE 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


fe EXAR 


Ordering Information 


Voc 1 PML) cnc ccucanssstatabwvicsee cenuns ooes +6.5 V | Parameters 
REY dc ca ceacuchwreusbecceseeans ances -6.5V 
oe : pers 413.0 V oe SS DNL 
Mia a SENT Tees eae ee ee ee a ee a ee ae i | (LSB) (LSB) (% FSR) 
Bis tO DSS cso cee sews ones nuieneweeuneeecens =, 
Yq) fo GND a; ccevcavesivessvsctearaonwens VoctoVee | Mp7e4ia-DiE | 10 | o8 | 15 | 
Vey TOGND jcuccacsawsenconueunneaia sevens Vec to Veg 


Digital Input & Output Voltage to DGND —0.5 to Vpp +0.5 V 
Ty (maximum) 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vec = 5 V, Vee =—5 V, Vrer = 3 V, 
Output Load Open, AGND = DGND =0 V 


eal DESCRIPTION | __vescrprion | mn | max UNITS CONDITIONS 


[ reson fe Pte 
isa] aise ae 
| DNL Diferential Non-Linearity | | sB 
pce | Gainer ets | rR 
| psrr | PowerSupplyRejectionRatio | | aoa | %/% | 
Peeateitnen Te fm [ne 

24 | 
ne 
ae 
as 
ae 


ew 
a 
a 
ee 
a 
NOTES: 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 


VEE 


Vor 8. Veg 15. Vog 22. CLK 
Voo 9. AGND 16. Vpg 23. LD 
Vao 10. DGND 17. Vp, 24. RST 

. Vou 18. Voz 25. AGND 
Vo3 12. Vera 19. AGND 26. Voo 
Vop 13: Vas 20. SDI 27. Vpo 
Veco 14. Vos 21. SDO 28. Vp 


eee eh 
< 
ao 
w 
=k 
alk 


*Bond Pin 8 first 
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MP7645B DIE 


Buffered Multiplying 12-Bit 
Digital-to-Analog Converter 
CMOS Die Specifications 


sts eC 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vpp to GND ........... cece cece eee eee +17V 
VREF 160 GADD «csaskcdwnsd ou nwncosanvewens +25 V INL DNL GE 

soe uuaeabtiaeds sasenoat GND -0.5 V to Vpp +0.5 V (LSB) (LSB) (LSB) 
Vout to GND ........... GND -0.5 V to Vpp +0.5 V TwpesssK-vie | 1 | 1 | 8 | 
Tg (OUI) . oie cd ee eecde goes enaseew uss 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 15 V, Vref = 10 V) 


| __ PARAMETER | DESCRIPTION _—_rescnrnon | om | wax |v UNITS | CONDITIONS 


a ee 7 

[ont | itferentia Non nearly 
a 
[Aw | nut Resitance 
a 
a 
Tce | ur tsakage Curent 
NOTES: 


Die are 100% electrically tested in wafer form to meet the limits shown above. 
2. Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 
4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
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Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 


“Bond pin 18 first 


— - = , 1. lout 8. DB7 15. DBO 
X = 115.75 mils, Y = 114.57 mils 7 ot. e DBS 18 GS 
4 X 4 mils nominal 3. DGND 10.DB5 17. WR 
Pad Metal Al 5. DB10 12.063 419. Vere 
15 mils nominal 6. DB9 13. DB2 20. Rep 
7 7. DB8 14. DBI 
Backside Material 
Backside Potential 


MP7680 DIE 


12-Bit Quad Double-Buffered 
Multiplying Digital-to-Analog Converter 
CMOS Die Specifications 


EEE ESS 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vpp WOTANE: cancuersneeatoeweutasc6etadeus OV,+7V 

VeertOGND ose 25 V 
Digital Input Voltage (Vix) to GND ... -0.5 to Vpp +0.5 V 
VouT1; VoutTe2 (pin 1, pin 2) to GND .. —-0.5 to Vpp +0.5 V LSB LSB LSB 

Ty (maximum) ......0....0c cece eee cece eee eeees 150°C MP7680J-DIE 


MP7680K-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vref = 10 V) 


[Resouton | 
L Relative Accuracy a ee Best Straight Line 

Differential Non-Linearty || S40] tsp 

| GE | Gainer | t6.0 || Using Internal Rs 

PSRR Power Supply Rejection Ratio Pd 

IN 

IN 

IL 

A 


es 
a ee 
a 
| vw | tog” Te re 
PM togico” CT De 
Se 
[too | suppiyurent iY i 0 | ma pts over 


NOTES: 

1 Die are 100% electrically tested in wafer form to meet the limits shown above. 

2 Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Pad Designations 


Die Data 
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206 mils 


X= 


169 mils, Y 


Pad Metal 


15 mils nominal 


“oO 
S 
xt 
N 
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27. VREFC 
28. Resc 


17. DB9 
18. DB8 
19. DB7 
20. DB6 


*Connect Pin 37 First 


7. VREFA 
8. Rrea 
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Backside Potential 
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29. louTic 


lOUTIA 
10. louT2a 


9. 


30. lout2c 


Rev. 1.00 


MP7683 DIE 


8-Bit Flash 
Analog-to-Digital Converter 
CMOS Die Specifications 


A222 aaa a 


ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


WEIGAND! nncavedad weeeacteccionssdnsea wed OV,+7V 
Veee FG cuswsensbdtavenedeved wees senedwe we +7 V 
Vil <scarnaneaa deen eneas exes Vpp +0.5 to GND -0.5 V 
Al WING cincnvennd se oasen exe Vpp +0.5 to GND -0.5 V 
Pll COIDUIS: 5.0 cceec sees dears Vpp +0.5 to GND —0.5 V 
Storage Temperature .................. —65 to +150°C 


fe EXAR 


Ordering Information 


INL DNL 
LSB LSB 
0 


MP7683J-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vref = 4.1 V, Fs = 3 MHz) 


PARAMETER DESCRIPTION 


Relative Accuracy 
Differential Non-Linearity 


| Rw | Ret. Resistance 
Logic “0” 

Digital o/p, Logic “1” 
too 


Digital o/p, Logic “O” 
Supply Current 


NOTES: 
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Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 

) 10. R3 18. DB3 
Pad Metal Vpp' 12. Vin.—«20. DBS 


AVpp 13. AGND 21. DB6 


15 mils nominal 
: Vaeru) 14 DGND 22. DB7 
Backside Potential Vop R1 16. DB1 24. OET 


Snr Prep 


*Connect pin 4 first 
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8-Bit Flash 
Analog-to-Digital Converter 
CMOS Die Specifications 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Vpp to GND ........ccccceeececeeecceeeeecee: +8V 
VReF(+) ANd VReF(-) ------- +e Vpp +0.5 to GND —0.5 V 

VIN oo. cece cecceecceeeeueeees Vpp +0.5 to GND -0.5 V oe 
All Outputs ...............00- Vpp +0.5 to GND -0.5 V (LSB) 
Ty(MaximUM) ........0.c eee eeeeeseeeeeeeeeees 150°C MP7684AJ-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vrer = 4.1 V, Fs = 1 MHz) 


PARAMETER 


a 
| 20 | tsp | Best Straightline 
| 20 | 


Relative Accuracy 2.0 

Differential Non-Linearty ao | up fT 
SO OO 
NOTES: 

1. Die are 100% electrically tested in wafer form to meet the limits shown above. 

Z, Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

3. Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 

6. Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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PHYSICAL CHARACTERISTICS 
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Die Data 


CPadsize | xAmis nominal | 


Backside Potential 
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Pad Designations 


* Bond pin #7 first 
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1. CLK 8. DGND 
2. DB7 9. 3/4R 
3. DB6 10. DB3 
4. DB5 ‘11. DB2 
5. DB4 =‘ 12. DBI 
6. 1/4R 13. DBO 
7. DVpp* 14. OFW 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Wir (OCR 2uccpadenssannesdee how ani manag ates +7 V 2 ' 

See an Ye connect Vp +0.5 to GND -05 V 

VIN wi: fee ew Be ee Gene we Gear SES Vpp +0.5 to GND -0.5 V 

All Inputs ..............20005 Vpp +0.5 to GND -0.5 V LSB LSB 

All OutputS .......ss0+e0s05 Vpp +0.5 to GND —0.5 V | mpyeseu-DiE | 15 &2| o75 |. 
MP7686J-DIE 1.5 

Tel (EU) wa tad coments aa ele ce eres an 150°C O78 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp= 5 V, Vrer = 4.6 V, Fs = 1 MHz) 


PARAMETER DESCRIPTION 


Relative Accuracy 
Differential Non-Linearity 


: 
[99 | suppiycurent 
NOTES: 


: Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 


X = 105.1 mils, Y = 138.6 mils : pan — a a 
: : ; . . REF(+) - VREF (CTR) 
4X 4 mils nominal 3. GND 10. Veer) —«17.:DB3 
Pad Metal 4. MODE/ZENER 11. Vin 18. DB4 
15 mils nominal _—— 12. Wop" 
ay os 
Backside Material Si 7 CLK 14. DBI 


*Connect pin 12 first 
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Absolute Maximum Ratings (TA = 25°C) Ordering Information 

a cael Mokeeseaeueerewh : arr anerele 
REF(+) an REF(-) «+++ e+erees Dp +VU.9 tO “U, 

Wed co scatincssavennaknadeans Vpp +0.5 to GND -0.5 V ee 

All Outputs ............0.0ee. Vpp +0.5 to GND -0.5 V (LSB) (LSB) 

Ty (maximum) . 2.0.2.2 0000 eee e eee eeee ee eee es 150°C MP7690AJ-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vrer = 4.1 V, Fs = 1 MHz) 


PARAMETER DESCRIPTION rears UNITS CONDITIONS 


| Resolution | Tits, S| 
Relative Accuracy a a Best Straight Line 
Differential Non-Linearity a a 


2.0 
2.0 
Output Leakage Current 
[fiw | putesistance «70am 
a 70 


a 

a 
Digital o/p, Logic “1” Voo-0-5 fo 
Digital o/p, Logic “O” | i aa 

Supp Curent 0 

NOTES: 

le 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 
2. AVpp 10. DB5 18. OFW 
3 AGND © 11.DB4 18, OE 
4. AVpp «12. DVpp._—s20. OET 
5. Vac) 18. GND 21. Ver 
a 7. CLOCK 15. DB2 23. AGND 
Backside Potential Vop 8. DB7 16. DB1 24. AVpop 


*Connect Pin 12 first 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) 


Vor 10 GND) ciccdetasvievevosnncnewercnte ans +7 V 
Vrerts) & VRE) «+--+ 2200s Vpp +0.5 to GND —0.5 V 
Ol ciuman eed Gane dong uxcus Vpp +0.5 to GND —0.5 V 
PUD: hic ndanes cna eeeces Vpp +0.5 to GND —0.5 V 
AUOUBINS. 24 con wd canes eur Vpp +0.5 to GND —0.5 V 
Peet) ae ee +150°C 


Ordering Information 


INL DNL 
LSB LSB 
2.0 


MP7695J-DIE 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vref = 4.6 V, Fs = 1 MHz) 


PARAMETER 


Digital o/p, Logic “1” 
Digital o/p, Logic “0” 


NOTES: 


Ona 


IL =4.0 mA 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 


DB3 9. OE 17. R3 
DB4 10. DB8 18. Vin 
DB5 11. DB 19. AGND 
DB6 12,.OFW 20. AVop* 
DB7 13. Vperu) 21. AGND 
DGND 14. Vrer) 22. DBO 
DVpp ~=s: 15. RY 23. DB1 
CLK 16. R2 24, DB2 


*Connect pin 20 first 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 
Vpp LOCA en centaucaneaans nan dene awkees +7 V Parameters 
Vtop and Vgot ......-.--: Vpp +0.5 to GND —0.5 V 
Wie chck ok ee eGieriesterews Vpp +0.5 to GND —0.5 V INI DNL 
| (LSB) | (LSB) 
PU OUNG os ca vecwsecan cows Vpp +0.5 to GND —0.5 V 
All Outputs ............... Vpp +0.5 to GND -0.5 V  mpe7veza-Die | 2 | 1. 
SFU a tetindas enw eee ea eaqens aa nse 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vrop = 4 V, Vgot = 1 V, Fs = 1 MHz) 


PARAMETER DESCRIPTION res UNITS CONDITIONS 


pw | Resouon to Ps 
——_|_ Piet Acermoy __ ft | tafser 
| ONL iferentiaINonmLinearty | | iss | 
| inc | Tristate Leakage Curent | 
| iy | inputRResistance | 02 |e, | Ka 
pM | bogie at sco Tv 
ee re Ee oe 
LJ 
Lv 


Input Leakage Current rl 
Supply Current r 
NOTES: 
1 


Die are 100% electrically tested in wafer form to meet the limits shown above. 
2. Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 
3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 
4. AC electrical characteristics are neither guaranteed nor tested in die form. 
5 
6 


Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Pad Designations 
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.N/C 
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. MINV 
. N/C 
. DBS 
. DB6 
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34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 


N/C 

N/C 

DB8 

DB9 

OFW 

CLK 
APERTURE 
DVpp 
TRES1 
VRTS 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 


Vpp ION acocuas ca neweas eeu enn ehiwewenar +7V Parameters 
Veer tO GND «<1 1necsavrse Vpp +0.5 to GND —0.5 V INL DNL 
Vil «408 ews40esenensts cons Vpp +0.5 to GND —0.5 V 

| (LSB) | (LSB) 
ATS verecenssonseewes Vpp +0.5 to GND —0.5 V 
All Outputs .............-- Vpp +0.5 to GND -0.5 V [ mps7asA-DiIE | 15 | 31. 
TORO) copes cctcccaneedsncwance an ows 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp =5 V, Vrer(+) = 2-6 V, VreF(-)= 0.6 V, Fs = 2 MHz) 


PARAMETER DESCRIPTION rar UNITS CONDITIONS 


| ow | reson Te Pts 
| INL || - Relative Accuracy | S| 5 | LSB | BestStraightLine 
a 
| Ry __|_InputResistance 
a 
ee 


Logical “1” Voltage 


ne Logical “O” Voltage 


Input Leakage Current —4.5 
Supply Current 
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NOTES: 

1. Die are 100% electrically tested in wafer form to meet the limits shown above. 

2. Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

3. Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

4. AC electrical characteristics are neither guaranteed nor tested in die form. 

5. Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
6. Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 


Viwving Jf 7 7 7 


7-70 


Z EXAR MP8785 DIE 


PHYSICAL CHARACTERISTICS 


Pha 8 f-i fh oO iQ 


* Loy pT cr endl [mea (Mba [aE oe 
Sl — 


=~ —a |: .|F > [s-.[e 1% reel (aca Pre 
abe bee el il = ‘ails o- - 
atlas me Sk Ses se Peel? ol. aol Sik hae 
— 
hontai ee 


a a Se ig 


a 
i i a Se Ee a De a 
On i ee awe || ome oe 
| - : * a oe a sesame 
age) sets =i 

*. ', o = 

pp eed Reed eee Eee eee ie ill mi hig anys 
a aa iz 
a || - 
sr a . Jy 


a*: 2 


ath th le ot et vw Hee 
Lien = ae ee 


sea os 
z ae eS ees es es es ee 
’ r [ie | 
=a . 1 as ae _ L SEER. oe ee Be oe Be oe Be ee ee Se ee Se =i a 4 
Y 1 Ss ee 13 ut i 1 th a 8 
ade A ‘a8. Es ‘ 
' Oe. ees T_T A 
= ay 8 Bog 8 gee 
-" BT 
s 
ng 
=. 
x ‘ 
7 
= 


a_i \ tll $2 TEL 7 


Die Data Pad Designations 


15 mils nominal 
Backside Material | Ss Si 
Backside Potential Vss (DGND, AGND) 


OE 8. DB5 15.Vpp 22. VRBS 
DGND* 9. DB6 16. VATS 23. VRB 
DBO 10.DB7 17. VRT 24. DGND* 
DBI = «14. Vpp Ss 18. Vp 

DB2  12.CLK 19. Vin 

DB3. 13.Vpp 20. AGND* 

DB4. 14.Vpp 21. AGND* 


*Bond pins 2, 20, 21 and 24 first 
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Absolute Maximum Ratings (TA = 25°C) Ordering Information 


it COGN 52 cece rece chiwede deed eee eee 7V Parameters 


VRT and VRB........... Vpp +0.5 V to GND -0.5 V oh _ 
Vil v0chueernescbaniawss Vpp +0.5 V to a —0.5 : Part No. (LSB) (LSB) 
AU IABUIS .25ssccncntauas Vpp +0.5 V to —0.5 

All Outputs ............. Vpp +0.5 V to GND -0.5 V | mpe7goa-DIE | 4 | 4.” 
Tj EI) sc ovo iwdano se ebder aw Ribs eons 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vat = 5 V, Vag = 0 V, Fs = 1 MHz) 


PARAMETER DESCRIPTION eae UNITS CONDITIONS 


PN | Resowton te? TT ts SP 
| NL Relative Accuracy | Te | tsa 
| ONL | DitferentialNon-Linearty | | 4 | tsa OP 
| ice | Output Leakage Current | fs | aA | 
| Fy | input Resistance | 200 | soos | ka | 


vn [tooo «dws | st | (| concen tom 
a 
a A 
A a a a 


NOTES: 

Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Pad Designations 


Die Data 


1. RT 13. R14 26. LINV. 39. PHASE 
2. RI 14. Ri 27.UFW 40. SCK 
X = 168.9 mils, Y = 229.5 mils 3. R5 15. R15 28. DO 41. APERTURE 
! . . 4. Vogg3_—«16. R2 29. D1 42. OFW 
4 X 4 mils nominal 5. Vin. 17. RG 30. D2 43. OE2 
pag ere A 7. R8 19. VAT 32. D4 45. CLK 
15 mils nominal 8 R10 20. R16 33. D5 46. PLOAD 
Backside Potential 


*Bond pins 23, 37 and 38 first 
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ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings (TA = 25°C) Ordering Information 

Ving 10 GND! cccravnueverctouusewewawwnneaca 7V 
VeEGV ocho cokwaveteratbavannesweeees 7V INL DNL 
Se cericrnrocieatcargncrececemenrs 7 panto, 
AU WWOUS 2 cccazccsoxsepecea Vpp —0.5 to Vpp +0.5 V 

All Outputs ............... Vpp -0.5 to Vpp +0.5 V 


Digital Input Voltage (Vij) to GND 
Sapente ded HePRESEDRECECS ES Vpp —0.5 to Vpp +0.5 V 


TSU a iececeeneneyetann eer d cao od 150°C 


Electrical Parameters And Test Conditions (TA = 25°C, Vpp = 5 V, Vr_er = 4.6 V, Fs = 1 MHz) 


A a DO 
| INL _|| Relative Accuray =| S| S20 | =LSB__C|_—Best Straightline 
| DNL__|_DifferentialNon-Linearity S| | S15 | LSB OL 
|uxg | OutputLeakage Current, | -30.0_ =| 300 | wa | sd 
| Rw | inputResistance = | | A | KOOL 
Tn tse Cid we | OOS 
a a 

ce ee a 

De 

Be 


et ee a 
Input Leakage Current 
| top Supply Current es ee 
NOTES: 


Die are 100% electrically tested in wafer form to meet the limits shown above. 

Die are visually inspected per MIL-STD-883, Method 2010, condition B to an AQL of 2.5%. 

Absolute maximum ratings are for TA = 25°C unless otherwise specified. 

AC electrical characteristics are neither guaranteed nor tested in die form. 

Electrical performance and yield after assembly are not guaranteed due to variations in assembly processes. 
Wafers and die are processed using ESD handling precautions, and are shipped vacuum-packed. 
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Die Data Pad Designations 
ae ~ a 1. DB6 9. At 18. Veer) 26. Ain2 34. AGND 
2 DB? 10. A019, Vee, a7 NS 38. PD 
er a ee ot fae 
Pad Metal Al 5. DVpp* 14.DB8 = 22. An8 30. AGND 38. DB1 
: 7. WR 16.OFW 24. An 32. AVop* 40. DB3 
8 A217. Vrcru) 25. An? 33, Ay®.—Ss« 41. DBA 
Backside Potential 42. DBS 


*Bond pins 5, 31 & 32 first 
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INTRODUCTION 


A Digital-to-Analog Converter (DAC) is a circuit which 
changes a finite number of diverse digital codes into the same 
number of related analog levels. ADAC’s resolution determines 
the number of digital codes which the device can convert into 
discrete analog values. An N-bit binary coded DAC converts 2N 
digital codes into the same number of corresponding analog out- 
puts. 


CMOS DACs use MOSFET analog switches to connect bi- 
nary weighted current sources to one of two outputs. These bi- 
directional switches enable the user to apply a positive or nega- 
tive reference voltage for 2-quadrant multiplication. The addi- 
tion of an output operational amplifier converts the output cur- 


IReF= 1MA 250LLA ——> 


5.00 V 2.50 V 
20k 


250A 250UA 250A 125LA 


To Segment Switches 


ror 


FT 


| 
| 
| 
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2 to 3 Decoder 
(2 MSBs) 


DBi1 DB10 DB9 DB8 


(MSB) 


62.5LA 


Current Output DAC 
Application Note 


rent into voltage. Also, full 4-quadrant multiplication may be 
achieved by using another op amp and 3 resistors. 


Circuit Description 


EXAR’s monolithic CMOS 12-bit DAC uses a decoded 2 most 
significant bits to 3 segments network, plus an inverted R-2R re- 
sistor ladder network for the 10 least significant bits (LSBs), and 
13 N-channel current switches. Other resolutions are similar. 
Switch driving circuits, decoding and interface logic complete 
the circuit. When a reference voltage is applied, the low tempco, 
matched thin-film resistors and switches deliver the resulting bi- 
nary weighted, code dependent current to either the Igy; port 
or the loyt2 port. The addition of an external op amp converts 
the output current to voltage. Figure 1. shows a simplified sche- 
matic of a typical 12-bit circuit. 


19.5mV_ 9.76 mV 
20k 20k 40k 


78 mV 39mV 
20k 


1.95UA  O.97UA 048A  0.24UA 


To R-2R Ladder Switches 


poe oe 


Switch Drivers 
(10 LSBs) 


DB3 DB2 DBI DBO 
(LSB) 


Digital Inputs 


Figure 1. Typical CMOS 12-Bit, 3 Segment D/A Converter 
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Current Output DAC Application Note 


Decoding Advantages 


EXAR’s 12-bit DACs decode the MSBs into 3, 7, or 15 equal 
current sources. This provides an improvement over conven- 
tional R-2R design in tolerance to resistor and switch matching 
errors, temperature drift and long term stability, plus a similar im- 
provement in immunity to DNL errors due to output amplifier in- 


1.25V 
+10 V 


“EEEEP 


(a) Conventional R-2R Ladder (simplified) 
Note that voltage across LSB resistor is 


half that in Figure (2b) 


5V 2.0 ¥ 


+10 V 


1/4 


(b) Decoded Ladder Network (simplified) 
Note that voltage across LSB resistor is 


double that in Figure (2a) 


2R 2R 
eS 
. . . 


non offset voltage (Figure 2.). 


Furthermore, EXAR’s decoding 
scheme reduces glitch energy during code switching. This is 
due to less MSB transient current, symmetrical switching of the 
three segment currents, and smaller switch geometries 
(Figure 3.). The smaller switch geometries also decrease the 
output capacitance and switching speed. 


39. | 19. = 9.76mV 4.88mV 


For R= 10k 
when Vos = 0 
i= 4.88 mV/20k = 244 nA 
when Vos = 1 mV 
i= 3.88 mV/20k = 194 nA 
Error = (244 — 194) /244=0.2 LSB 


LSB DNL Error 


39.06mV 19.53mV 9.76mV 
2R 2R 


78.13MV 


2R 4R 


For R = 10k 
when Vos = 0 
i= 9.76 mV/40k = 244 nA 


when Vos =1mvV 
i= 8.76 mV/40k = 219 nA 
Error = (244 — 219) /244=0.1 LSB 


LSB DNL Error 


Figure 2. DAC Architecture Comparison for 
Vos Contribution to Error 
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*During major carry transition to MSB this switch turns off 
and injects charge into output. Additional charge is also injected 
from MSB as it is switched on. 
(a) 2 MSBs R-2R Ladder 
Ver 
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ly 2 Veer 
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lour 1/4 Vere 


*During major carry transition to MSB this switch remains on and ad- 
jacent switch turns on. Smaller geometry in adjacent switch (com- 
pared with 3a) injects less glitch energy into output as it turns on. 


(b) 2 MSBs Decoded 


Figure 3. Switching & Glitch Energy 


V2.0 f J A 


Asymmetrical 


Switching 
MSB 
2 
MSB 
MSB 
2 
0 1 1 
1 0 1 
Input Coding 
Symmetrical 
Switching 
Seg. 3 
Seg. 2 
Seg. 1 
0 0 1 
0 1 1 
1 1 1 


Segment Coding 


Input Coding 


™ 


Current Output DAC Application 


SS lr™™-.—"EECU§CEB9@™_S 


STANDARD CONFIGURATIONS 


Unipolar Configuration 


Figure 4. shows a CMOS DAC in its basic form. The circuit 
can be used either as a fixed reference DAC to provide an output 
ranging from 0 to —Vjj or as a 2-quadrant multiplier where Vij is 
an AC signal. A voltage (Vij) is applied to Vagr and converted 
into a code dependent current by the DAC’s resistors and 


DGND AGND 
OO) 


DIGITAL 
INPUTS 


lout2 O 


Pe ae 


switches. The output op amp changes this current into voltage 
represented by the equation Voyt = —Vprer * m/2N where m is 
the decimal value of the input code (Table 7.). Positive or nega- 
tive voltages can be applied to Vrer¢ allowing 2-quadrant multi- 
plication operation (Graph 7.). Vref can be an AC signal and 
Vout yields the Vaerf waveform attenuated by the input code. 
The 10pF capacitor across Reg compensates for the DAC’s out- 
put capacitance which otherwise might cause ringing or oscilla- 
tion when using higher speed op amps. 


Vout 


Figure 4. Unipolar Binary Operation (N = 12) 
(2-Quadrant Multiplication) 
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011111111111 errr 
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000000000001 — Veer 7556 


000000000000 


Note :1 LSB = (2-") (Veer) = a0 (Veer) 


Table 1. Unipolar Code Table (for N = 12) 
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— Var O22) = —Verp +1 LSB 


V rer 


— Vrer in) = 0 Varr 


Vout 


Quadrant 1 


+VREF 


+1/2 VREF 


OV 
Quadrant 2 


—1/2 Veer 


—VREF 
0 1024 2048 3072 
Input Code Decimal Value 


4096 


Graph 1. 2-Quadrant Multiplication 
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Bipolar Configuration 


Figure 5. shows a CMOS DAC in its bipolar voltage output 
mode. The output amplifier (A2) inverts and doubles the DAC’s 
op amp (A1) output voltage with an input resistor of 10k ohms 
anda feedback resistor of 20kQ. Another input resistor of 20 kQ 
is connected to Vrer which is the opposite polarity of the DAC’s 


DIGITAL 
INPUTS 


DB11 - DBO 


Current Output DAC Application Note 


output voltage. The Vp_er voltage is inverted at a gain of 1 by the 
output amplifier which offsets the output by 1/2 scale. This out- 
put voltage is represented by the equation Voyt = 2 * (-VpeF * 
m/2N) + Vrer where m is the decimal value of the input code 
(Table 2.). Since the reference may be of either polarity, 4-quad- 
rant multiplication is performed in this configuration (Graph 2.). 


— Vin ape 7056 


10k 


Vw 
20k 


_ Vour 


20k 


= —Vy + Vy lanae) 


Figure 5. Bipolar Binary Operation ( N = 12) 
(4-Quadrant Multiplication) 
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Note: 1 LSB = (27") (Vrer) = 


sada (Vrer) 


Table 2. Bipolar (Offset Binary) Code Table 
(N = 12) 


V2.0 ff J 7 


VOUT 
+VREF —VREF 
Quadrant 4 Quadrant 1 
+VREF —VREF 
+1/2 VREF —1/2 VREF 
0 0 
—1/2 VREF +1/2 VREF 
—VREF +VREF 
Quadrant 3 Quadrant 2 
—VpeF +VREF 


0) 1024 2048 3072 4096 


Input Code Decimal Value 


Graph 2. 4-Quadrant Multiplication 
(N = 12) 
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OFFSET AND SPAN ADJUSTMENT FOR 
STANDARD CONFIGURATIONS 


Offset Adjust 


For many DAC applications offset errors due to DAC output 
leakage current and output op amp bias current are significant 
enough to warrant offset adjustment. At the 12-bit level, an LSB 
is 2.4 mV (10 V reference), and is easily adjusted by using the 
particular circuit recommended by the manufacturer for the Vos 
adjust of the op amp that the user chooses. 


Span (Full Scale Gain) Adjust 


Span is the difference between the output voltage with all 
lows on the digital bus (offset) and the output voltage with all 
highs on the digital bus (full scale). Ideally, a DAC’s span is 
equal to the magnitude of the reference voltage minus one LSB. 
In the case of a 12-bit DAC this is shown by the equation Voyt = 
—Vre_er + (VpeF/4096). When Voyt does not equal the expres- 
sion given, a mismatch in the reference impedance path and the 
feedback resistor path is present. Equal amounts of current 
must always flow through these two paths. The easiest way to 
adjust for perfect span is to monitor the output voltage and 
change the reference voltage until the desired potential is 
achieved. If the reference voltage cannot be changed, the resis- 
tance in the paths must be adjusted. If the output voltage is too 
high, resistance must be added to the reference current path 
and if the voltage is too low, resistance must be added to the 
feedback path. This is done by adding a fixed resistor to the 


feedback path and a pot ter to the reference path as 
shown in Figure 6. The value of the added fixed resistor (R1) is 
calculated from the gain error specification and the maximum 
reference input impedance. Calculate the gain error of the refer- 
ence input resistance (also Reg value) and add 25% to compen- 
sate fortolerances. For example, if the gain error specification is 
0.4% and the maximum DAC impedance value can be 20kQ 
then: 


.004 x 200000 = 80Q2 
25 X B0Q = 200 


Therefore the added resistor, R1, is 80Q plus 20Q or 10022. The 
potentiometer (R2) value is double R1 or 20092. The addition of 
these resistors allows the user to set span to its ideal value with- 
out excessive trimming range. 


IMPEDANCE 


Figure 6. Span Adjust Circuit 


SINGLE SUPPLY OPERATION 


Most of EXAR’s CMOS DACs can be configured to operate 
with a single power supply for both the DAC and output amplifier. 
Two modes are described here. 


Voltage (Back DAC) Mode 


In the voltage (Back DAC) mode (Figure 7.), the voltage ref- 
erence input is applied to the loyt1 port causing a code depend- 
ent output voltage at the Vre_r pin. 


The voltage reference input must be limited to 2.5 V or less. 
This limitation is necessary because the voltage reference input 
is fed directly to the FET switches whose ON resistance is a 
function of the voltage applied. Therefore, large values of input 
voltage could produce significant non-linearities. Also note only 
a positive reference voltage input is allowed. Furthermore, the 
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voltage source should have low impedance to minimize voltage 
drops by the current flowing through it and the switch. 


The complete configuration is shown in Figure 8. The output 
resistance at Vr_er (amplifier input) may have a unit-to-unit vari- 
ation of 5kQ to 20kQ, and requires a buffer amp to source cur- 
rent to aload. Note, however the output resistance is not code 
dependent and does not contribute to linearity errors due to am- 
plifier offset voltage. A variety of high impedance single power 
supply op amps are available to comply with the required zero 
volt output with an all zero digital code input. 


Finally, the DAC configuration significantly decreases glitch 
energy because the charge in the switches is directed to ground, 
either directly or through the low impedance voltage source, 
rather than to the summing point at the amplifier input. 


Using the Back DAC configuration results in a fast, low noise, 
low glitch, data conversion scheme and is recommended where 
fixed positive reference, non inverted output, single supply is re- 


quired. 


Figure 7. Back DAC Configuration 


V our = (1 a a) Vin oF 


where m = Decimal Value 
of Input Code 


n = # of Bits of DAC Resolution 


Digital Inputs 


Figure 8. Voltage Back DAC Mode 


TOM 


Current Output DAC Application Note 


MERE 


Current Steering Mode 


Another means of achieving single positive supply operation 
is to apply the reference voltage to the Analog Ground and Ioyt2 
pins and to use a buffer amplifier as shown in Figure 9. The am- 
plifier’s non-inverting input is, likewise, connected to the refer- 


Digital Inputs 
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ence causing it (the amplifier) to act as a level shifter so that the 


output voltage does not approach zero volts. If a 2.5 volt refer- 
ence is used, the amplifier output will swing between 2.5 V at 0 
scale and 5 V at full scale. This mode, however, does not offer 
the speed advantage of the mode previously described. 


Vout 
(+2.5 V to +5 V) 


Figure 9. Current Steering Mode 


APPLICATION CONSIDERATIONS 


Grounding and Power Supply Decoupling 


A digital-to-analog converter should be treated strictly as an 
analog component. Performance is much more dependent 
upon its relationship to the associated analog circuitry than the 
peripheral digital parts. Many DACs have only one ground pin 
and this must be tied to the system analog common ground, 
often a ground plane. This ground must be as noise free as the 
system performance specification warrants. In a 12-bit system 
with a 10 volt full scale, for example, the noise difference be- 
tween any two analog ground pins should be kept below one 
tenth of an LSB ideally and one quarter of an LSB maximum. 
Common mode noise can be much higher, but it must be recog- 
nized as such. 


DACs offering separate analog and digital grounds ideally 
should have these two pins connected at the devices and tied to 
the analog common. However, in systems having to separate 
the analog and digital grounds due to excessive digital noise, the 
grounds on the DAC should be tied to their respective planes. 
Inverse parallel diode clamps must be placed between the two 
ground pins at the device to ensure a limited potential between 
them. Some digital noise may be seen at the DAC’s circuit out- 
put due to feedthrough inside the device. This noise should not 
exceed system performance specifications or output filtering 
must be employed. 


Vpp on the DAC must be decoupled to ground with a .1LLF ca- 
pacitor. If low frequency noise is prevalent, a 10UF capacitor 
must also be added. 


Output Operational Amplifiers 


Input Offset Voltage (Vos) 


CMOS D/A Converters exhibit a code dependent output re- 
sistance which will cause differential non-linearity if the DAC 
output is not held at zero volts. Therefore, the amplifiers input 
offset voltage (Vos) should be less than a tenth of an LSB to en- 
sure monotonicity. With a 10 volt reference the LSB weight is 
10/2N mV, therefore an amplifier should be selected which has 
less than 1/2 WV of input offset voltage (Vos) over the entire op- 
erating temperature range. 


Input Bias Current (Ig) 


The op amp’s input bias current should be considered. A sta- 
ble bias current simply creates a stable output offset voltage. A 
bias current that changes with time and/or temperature will pro- 
duce a varying offset and even non-linearity if the current 
changes as the input code changes. With a worst case DAC 
impedance (also Reeeppack value) of 20 kQ and a reference 
voltage of 10 volts, the full scale DAC current would be 500 LA, 
while an LSB’s current value for a 12-bit converter would be 
500uA/4096 or 122 nA. If the designer determines that bias cur- 
rent contribution to offset and/or linearity error should be kept 
below 1/10 LSB, for example, then the bias current may not vary 
more than 122nA/ 10 or 12.2 nA over the entire operating tem- 


perature range. 
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Video Digitizer and Variable Range A/D Converter 


Simple and reliable video digitizer design 
using ADC with “variable input range” 


FEATURES 


e Simple Fixed-Gain Analog Front End 
e Digital Control of Gain, Clamping and Clipping 
e Imaging Functions Available in Hardware: 

- Contrast Control 

- Brightness Control 

- Histogram Stretching 


BENEFITS 


e Reduction of Analog Circuitry 
e Reduction of System Cost 
e Increased Reliability and Testability 


Conventional Fixed Analog Range ADCs force designers to 
adjust signal range to the ADC’s range with analog circuitry. 
“Variable Range” ADCs can be adjusted to match the input 
range. Design is simplified. The programmability of the conver- 
sion range adds some imaging features. 


Video Digitizing is one of the fastest growing applications of 
ADCs. The time is not too far away when all computer users will 
add image data bases to their mass storage - images to be in- 
serted in letters, documentation, database files etc. The technol- 
ogy is already available. The usual impediment is that the cost is 
still too high. 


The conversion of a video image (or frame) into a computer 
image is still a costly affair because it involves the very delicate 
boundary where “always different” analog waveforms are re- 
duced to “never changing” digital stairsteps. 


It is an accepted notion that the total system cost is reduced 
when the introduction of a new component increases the per- 
centage of digital hardware and reduces the percentage of ana- 
log hardware. All other parameters remaining the same, this 
change will reduce the design time, the debugging time and the 
cost of the system. 


Video 


Digitizing [—___ 


System 


Pixels 


JN, 
aes 


Control 


In the case of Video Digitizing Systems the “Variable Input 
Range A/D Converter’ can provide all these benefits. 


Video Design using “Fixed Range” ADC 


Figure 1. shows the block diagram of a Video Digitizer which 
uses a fixed input range A/D (fixed reference A/D). The cable 
terminates on a 75Q resistor and it is AC coupled to the first 
stage. DC levels have to be restored for the proper operation of 
this first stage. One often used solution is to force a DC voltage 
when the video input is not “active” (i.e. back porch of horizontal 
blanking). Then one or two stages are used to set the proper 
gain and the proper DC levels to the signal going to the A/D con- 
verter. Design efficiency requires that the A/D input range (or 
reference range) matches the part of the video signal range 
which contains the image. 


Changes in component values (R, C, or amplifier gain, etc.) 
and in operating conditions (supply voltages, temperature, etc.) 
add up to cause a mismatch of ranges. These factors force 
video designers either to insert feedback loops which increase 
system cost or to use only a percentage (85 to 95%) of the ADC 
range. 
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DC Level 
Restoration 


Pulse 


Figure 1. Video Input Signal has to be carefully gained and DC-biased to fit the A/D input range 


A better approach would be: 


1) to design an analog front end as simple as possible 
(which in most cases yields the best performance/cost ra- 
tio), and to let the components’ real parameters and the op- 
erating conditions add the second order variation to the first 
order design goal. 


2) matchthe ADC’s reference range to the resulting input 
range. 


Video Design using “Variable Range” ADC 


EXAR’s line of Flash Converters (MP7682, MP7686, 
MP7684, MP7684A, MP8780, MP8785, MP8775, MP8784, 
MP7695, MP8791) gives to video designers the flexibility of a 
user programmable input range. The user simply biases the two 
reference inputs to encompass the desired input range. 


Figure 2. shows a video digitizer built with a variable range 
ADC. The video termination is the same 75Q resistor. The DC 


Fixed Gain 
Stage A/Ds 


; 75Q 


DC Level 


Digital Output 


MP7682, 86 
MP7684, 84A 
MP8780, 85, 
75, 84, 91 


restoration can be the same as that of the system in Figure 1., or 
it can be simplified when it is not necessary to remove the sync 
before the ADC. The ADC can ignore the sync (if so desired) by 
simply “ranging it out”. 


One amplification stage accomplishes the double task of driv- 
ing the ADC and of amplifying the video input signal. The ADC 
can convert a 0.7 V p-p signal but it delivers the best accuracy at 
1.5 to 3.0 V p-p. A suggested range for the MP8780 is 2.0 to 2.5 
V p-p anywhere in the GND to Vpp range. 


The design of the circuitry which sets the conversion range 
(or reference range) for the ADC is even simpler. A dual DAC 
gives to the digitizing system the flexibility to adjust top and bot- 
tom limits under software control. A series of variable resistors 
can provide a cost effective solution when cost (and flexibility) 
are tobe reduced. Schematic 1 gives an example of D/A control 
while Schematic 2 shows a simpler circuit. Figure 3. illustrates 
how to adjust VREF(+) and VREF(-) to: 


Option 1 Option 2 
VREF(+) -————4 —-—— — 7 
| | | 
-}- | 
| or | 
oi | 
| | 
_— ee | | 

Digital Con- Pot Control 
(See Fig. 3d) trol of Range 
of Range 


Figure 2. Video Input Signal is biased and gained to any range between GND and Vpp. 
The two DACs fit the A/D range to the signal. 
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a) include the entire video signal 


b) extract the sync 

c) digitize the video image 

d) digitize the video image and extract sync 
e) increase contrast 


f) decrease contrast 


g) make picture darker 


h) make picture lighter 


If an image is too dark , the reduction of VReF(4) will provide a 
lighter image. Similarly an increase of Vref) will darken a very 
light image. Software manipulation of the code distribution of the 
image (histogram stretching) provides similar but less accurate 
results. A/D non linearities are proportionally stretched as well! 


Figure 3. Selecting the ADC Input Range 


The ADC outputs all 0’s when the input voltage is below a) full video signal e) increase contrast 
VReEF(-) and all 1’s when is it above VaeFi.). A choice of input b) sync only f) decrease contrast 
: _— ; c) video image only g) darker image 
range like the one shown in Figure 3dwould yield an ADC output d) video image and sync h) lighter image 


that is equal to 0 only during the sync pulse. In this case, a sys- 
tem can generate the sync pulse by simply using an 8 input 
NOR, as seen in Figure 2. 
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*Same circuit can be used for MP7682, 7686, 7684, 7684A, 8780, 8775, 8785, 7695, 8784, 8791 
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*Same circuit can be used for MP7682, 7686, 7684, 7684A, 8780, 8775, 8785, 7695, 8784, 8791 
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USING THE MP7641 (& MP7651) IN TWO AND FOUR QUADRANT 


MULTIPLIER CONFIGURATIONS 


Introduction 


The MP7641 contains eight 8-bit two-quadrant multi- 
plying digital-to-analog converters (MDACs). The 
MDACs are individually addressed and the digital input 
codes are programmed serially. Each channel’s output is 
the instantaneous algebraic product of an attenuation ra- 
tio ,“a”, and the analog reference input. The variable “a” is 
proportional to the 8-bit digital input code which is stored 
for each channel. This multiplication is accurate to fre- 
quencies above 10 MHz. The analog input (Vper) can be 
either positive or negative. The digital input ranges froma 
code of all zeroes to all ones. The variable “a” ranges from 
O to 1 and is never negative, therefore the standard 
MP7641 channel is defined as a two quadrant multiplier. 


Sometimes, applications require four-quadrant multi- 
plication. External circuitry can convert an MP7641 chan- 
nel to a four-quadrant MDAC. The digital input code now 
behaves as an offset binary representation of the digital 
variable. The most significant bit of the input code be- 
comes a sign bit. All four quadrants can be used. 


Three topologies usable for four quadrant multiplica- 
tion are discussed below. Different levels of external cir- 
cuit complexity were evaluated and the data is presented. 
The results indicate that frequency and transient re- 
sponse characteristics are improved by using the phase 
equalizing techniques of the more complex circuits. 


Two Quadrant Operation 


The MP7641 integrated circuit contains eight, two- 
quadrant, wide bandwidth, multiplying 8-bit digital-to- 
analog converters. The MP7641 data sheet lists the guar- 
anteed and typical specifications. Each channel can be 
viewed as a potentiometer where the wiper can be serially 
set digitally. The analog (Vper) is connected to the top of 
the potentiometer and the bottom is connected to AGND 
which can be set externally (within limits.) An active buffer 
amplifier isolates the wiper from the output and provides a 
low output impedance. The input/output relationship is: 


Viini0n ff J 


V _ 4" V vreF 
where, on Lt T 
Input Code (Decimal Equivalent) 
a = eo 
256 
and, 
Osa <l 
and, 


s is the Laplace variable 


Note that the finite bandwidth is modeled by the single 
pole having a time constant, “T”. This time constant of 18 
nsec, which was determined empirically, is consistent 
with the 10 MHz bandwidth specification. 


The digital signal path frequency response is limited to 
a few kilohertz by the serial input data update rate. Updat- 
ing a DAC input register takes approximately one micro- 
second. All eight MDACs can be changed in ten micro- 
seconds. Fast sweeping of the variable “a” provides the 
equivalent of eight high speed ganged potentiometers. 


Four Quadrant Operation 


When four quadrant operation is needed, external cir- 
cuitry is required. Figure 1. shows a channel of an 
MP7641 connected to an external high speed op amp 
with precision resistors to implement this. The external 
amplifiers output is the output of the four quadrant multi- 
plier and is represented by the following relationships: 


_ b+ Vecg 
Your > T 45 T 
where, 
b=2:-a-1 
and, 
Input Code (Decimal Equivalent) 
a SOC qq 
256 
and, 


0O<sa <1 
—-j1]<sb <1 
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Since “b” can be either positive or negative, all four 
quadrants are now usable and the digital code can be 
used to invert the analog input. The op amp and resistors 
are assumed to be ideal in these formulas. 


Parallel summation paths are required to convert a two 
quadrant circuit to four. In Figure 71., the bandwidth 
through the MDAC path is lower than through the resistor 
path. This causes errors at higher frequencies and the 
above equations no longer apply. By adding delays in the 
resistive path, the errors can be significantly reduced. The 
next section explores this. 


Code tables for the configuration of Figure 7. are the 
same as those given in the EXAR 1995 databook Section 
4. 


5k 5k 


», 


CL 
i 10pF EL2028 
Y, 


VRE MP7641 


Figure 1. — Circuit 1. 


Basic operation of the four quadrant multiplier of 
Figure 1., with square wave input of 0 to 3 V is shown in 
the following two figures. Figure 2. shows the output of 
the op amp when the MP76471 is set to zero scale. In this 
condition the input signal from Vpe_r is simply inverted at 


% EXAR 


MP7641 Evaluation — Four Quadrant Operation 


Three four-quadrant MDAC circuits were tested and 
the results are presented here. The circuits are shown in 
Figure 1., Figure 4.,and Figure 7. The primary features of 
each circuit are: 


Figure 1.— Simplest, Worst Frequency Characteristics 
Figure 4. — Most Complex, Best Frequency Traits 
Figure 7. — A compromise between the above 


In all configurations, the Ri and C; are added to simu- 
late worst case application loads. They are not required 
for circuit operation. Replacing R, to GND with a 5k to 
Veg further improves the large signal response at the ex- 
pense of increased power. 


the output of the op amp (Figure 2.) 


Figure 2. 
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Figure 3. 


When a MP7641 DAC is set to full scale, the result is 
shown in Figure 3. This results in a positive output in ac- 
cordance with the equations above. Figure 2. and 
Figure 3. clearly show the MP7641 and the op amp oper- 
ating as a four-quadrant multiplier. 


For most applications, this simple configuration is all 
that is needed to achieve the desired results. If however, 
your system requires better response at higher frequen- 
cies, there are two additional configurations that can be 
used to enhance the performance of the basic four-quad- 
rant multiplier. The second configuration is shown in 
Figure 4. 


2pF 


Code = 11111111 


MP7641 


EL2028 


MP7641 
CL 

if L 15pF 

Figure 4. — Circuit 2. 


Note that a second MDAC, whose digital input is fixed 
at all ones, is used in the inverting path to provide a delay 
equal to the positive path delay. Since the MP7641 DACs 
are matched, this topology reduces the errors due to de- 
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lay effect by at least an order of magnitude (the measured 
performance will demonstrate this). 


Figure 5. and Figure 6. demonstrate four-quadrant op- 
eration of this circuit (Figure 4.) with the sawtooth (for va- 
riety only) as the input signal. 
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Figure 5. 


Figure 6. 


The third and final circuit that we evaluated is similar to 
the second. In the place of the second MDAC, an analog 
delay generated by an RC time constant is used for phase 
equalization. The schematic for this configuration is 
shown in Figure 7. 


Figure 8. and Figure 9. show the basic full scale re- 
sponse of the four-quadrant MDAC with an analog delay 
line generated by the RC time constant. To introduce a 
delay of 18 ns we used an 180pF capacitor and 100 ohm 
resistor to generate the required delay time. A compen- 
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sating 100 ohm was added to the feedback resistor to pre- 


serve the correct gain ratios. 


2pF 


VRE MP7641 


, 


CL 
L 15pF EL2028 


Figure 7. — Circuit 3. 


Figure 9. 


| Feedthrough 


ee 
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valuation — Square Wave 


For all of these circuits, the rise time of the input signal 
was kept to 100 ns. From design considerations, this is 
the fastest signal that should be placed into the device in 
order to achieve true linear response and prevent slew 
rate limiting. 


The more complex circuit configurations as shown in 
Figure 4. and Figure 7. improve the performance over 
the basic configuration of Figure 1. This is demonstrated 
at half scale. With just the MSB of the MP7641 high, the 
output should stay at zero (“b” = 0 from above) for any 
analog input. Delay mismatches between the two paths 
permit unwanted transient signals to reach the output. 


Figure 10. shows the input and output for “b”=0 for the 
circuit of Figure 1. Because we have a finite delay 
through the MP7641 and a direct path to the inverting 5 k 
ohm resistor, we see a band pass “feedthrough” at the 
output of the op amp. We get approximately a 1.6 V pulse 
that is about 180 ns wide at the base. The op amp thatis in 
use for this evaluation is an Elantec (EL2028) device. By 
choosing a slower op amp, the magnitude of this spike 
can be reduced (at the expense of reduced bandwidth). If 
the magnitude of this spike can be tolerated, then going to 
any of the other circuit configurations is not necessary. 
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Figure 10. 
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Figure 171. shows the results of performing the same 
test on the circuit of Figure 4. The bottom trace is the out- 
put of the op amp. As a result of matching the delay, the 
magnitude of the spike is reduced by approximately 30 
times. The error amplitude is reduced from 1.6 volts to .05 
volts. 
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Figure 11. 


Figure 12. shows the results of performing the same 
test on the circuit of Figure 7. The RC time constant was 
chosen as 18 nsec. This was based on the known 
bandwidth of the MDAC (10 MHz). To compare the mag- 
nitude of the spike, please observe Figure 11. and 
Figure 12. Peak feedthrough is now 120 mV. Thus the 
dual DAC configuration of Figure 4. results in the lowest 
amplitude feedthrough. 
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Figure 12. 
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Feedthrough Evaluation — Sawtooth 


Figure 13. and Figure 14., which apply to the circuits of 
Figure 1., and Figure 4., respectively, show the perform- 
ance using a sawtooth with 100ns rise time as the input 
instead of a square wave. As can be seen from these fig- 
ures, the performance for the circuit shown in Figure 4. is 
clearly the best whether driven by a square wave or a 
sawtooth. The magnitudes of the 1/2 scale spike errors 
for square wave and sawtooth waveforms are summa- 
rized in Table 2. 
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Figure 14. 


Ramp Linearity 


Transient feedthrough errors affect the linearity of the 
ramp. The circuit of Figure 4. significantly improves the 
linearity of the ramp over the other figures. This improve- 
ment can be seen in Figures 5, 6, 16 and 17. The input is 
shown by the upper trace in these figures, and the bottom 
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trace is the output of the op-amp. Ascan be seen in these | 


figures, the bottom trace is more linear if we can reduce 
the magnitude of the spike, and the circuit without the de- 
lay line matching performs worse as shown in Figure 15. 
and Figure 16. 


Figure 15. 


Figure 16. 


Conclusion 


The results of this evaluation suggest that the circuit of 
Figure 1. can be used for four quadrant multiplying appli- 
cations where high speed performance is not critical. The 
best high speed, high performance choice is the two 
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MDAC arrangement of Figure 4. A compromise solution 
is given in Figure 7. 


Data Tables 


For all the circuit configurations the following informa- 
tion was measured and is summarized in the following ta- 
bles. 


There are six areas that the performance was meas- 
ured. These are: 


Square Wave operation 0 to 3 Volts 

into rated load resistance and capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 
@ Digital Code 10000000 


Sawtooth Wave operation 0 to 3 Volts 

into rated load resistance and capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 
@ Digital Code 10000000 


Small signal mode Plot 800mV 

into rated load resistance and capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 
@ Digital Code 10000000 


Settling time 0 to 3 Volts 

into rated load resistance and capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 


Settling time 0 to 3 Volts 

into rated load resistance and 10pF + parasitic 
@ Digital Code 00000000 
@ Digital Code 11111111 


Settling time 0 to 3 Volts 

into rated load resistance and parasitic capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 


THD 0 to 3 Volts 


into rated load resistance and capacitance 
@ Digital Code 00000000 
@ Digital Code 11111111 
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Vin=Oto+3V 
(ramp) 


VspPIKE 
(+ V) 


02 


SETTLING TIME +FS TO 1 LSB (12 mV) 


Vin = 0 to +3 V Vin =—3 to0 V 


1,C, =O pF 
1, Cy = 20 pF 
2,C, = 0 pF 
3, C; = 20 pF 


Note: Only +FS was measured, since —-FS will measure the performance of the op amp. 


Table 2. 


BANDWIDTH 


Zero Scale Full Scale Half Scale 
bw bw dB down @ 
(-3 dB) (-3 dB) 3 MHz 


1 14.1 MHz 
1, with 1kQ to Veg 14.1 MHz 
with 5 dB less 
peaking than w/o1KQ 
2 12 MHz 
2, C, =O pF 10 MHz 
3 12 MHz 


2, with 1kQ to Veg 9.5 MHz 


Note: Zero scale measures the performance of the op amp. 1kQ to Veg increases the current in the output 
stage. The net effect of this is to improve the frequency performance but also reduces the output swing to 
approximately 2 V. 


Table 3. 
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3, Cy = 15 pF 017, —75.2 .147,-5 
2, Cy = Opr .069, —63.1 -120, -5 
1, GC. = 15 pF 026, =71.5 190, “9 


THD (100 kHz) 
Vin = 0 to +3 V p-p Vin =—3 to 0 V p-p 


Circuit # and —FS (b = -1) +FS (b = +1) —FS(b = -1) +FS(b = +1) 
Load Cap (%, dB) (%, dB) (%, dB) (%, dB) 


THD (1 MHz) 
Vin = 0 to +3 V p-p Vin =—3 to 0 V p-p 


Circuit # and -FS(b = -1) +FS(b = +1) -FS(b = -1) +FS (b = +1) 
Load Cap (%, dB) (%, dB) (%, AB) (%, dB) 


3, Cy = 15 pF .090, —60.9 .943, —40.5 .107, —59.4 051, “65.8 
2,C; =OpF .454, —46.8 .089, —44.6 .164, —55.7 229, —53.0 
1, Gy = 16. pr .084, —61.9 .963, —40.3 027, -1 1.0 535, —45.3 


6.6 022, -72.9 051, -65.8 
8.4 O17, —75.2 .019, —74.0 
5 O27, -11.3 .058, —64.7 


THD — 2 QUADRANT OPERATION 
Vin = 0 to +3 V p-p 


100 kHz 1 MHz 
(%, dB) (%, dB) 


Full Scale .074, -62.6 .484, —46.4 
Half Scale .039, —68.1 .139, —57.1 


Settling Time Plots 


When measuring settling time it is important to realize 
that if measuring with a DAC set at zero scale, you are 
ONLY measuring the performance of the external op 
amp. The figures below are indicative of the kind of set- 
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tling time performance that can be expected from the 
MP7641. We have included settling time figures from all 
three circuit configurations. Of course all of this data has 
been summarized in the settling time results table. The 
figures are included to give an idea what the dynamic per- 
formance looks like. 
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Figure 19. Figure 22. 
Circuit #3 Circuit #1 
S with an input pulse from 0 to 3 V 
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SOFTWARE CONTROLLABLE FILTERS USING THE MP7641 


Introduction 


The MP7641, octal eight bit multiplying DAC, has such 
outstanding electrical characteristics that software tuning 
of active filters to frequencies of one megahertz and 
higher is now practical and economical. Each of the eight 
DACs can be programmed serially and independently toa 
desired attenuation ratio with eight bits of resolution. The 
part is equivalent to eight digitally controlled precision 
wide bandwidth potentiometers with zero output imped- 
ance. 


Active filters have frequency behavior that is typically 


1/8 MP7641 


VR1 


a = attenuation ratio 
__ code (decimal equivalent) 
a 256 
255 
QOsas 756 


de | 


Vour = 


determined by circuit topology, gain ratios, resistor val- 
ues, Capacitor values, and clock frequencies. The 
MP7641 can be substituted for ganged potentiometers in 
these systems and provide digital control of their fre- 
quency response as demonstrated in the following exam- 
ples. 


Two types of filters are discussed. The first is a state 
variable continuous time circuit using discrete op amps 
and passive components. The second is a switched ca- 
pacitor biquad application where only external resistors 
are required. 


R 


VouT 


1 
— Req C | VR1*dt + Vour (0) 


where : 


Req 


Q|> 


Figure 1. Multiplying DAC Time Constant Control of Integrator 


Sweepable Continuous Time Discrete Filters 


Adaptive continuous time filters are frequently required 
for high resolution applications because the more eco- 
nomical and easily tuned switched capacitor circuits intro- 
duce higher distortion and clock noise than is acceptable. 
The low harmonic distortion and wide bandwidth of the 
MP7641 permits its use in high resolution continuous time 
filters where frequency sweeping is needed. 


Tuning continuous time filter circuits requires analog 
multipliers, ganged potentiometers, multiple MDACs or 
their equivalent. To keep the shape of the frequency re- 
sponse undisturbed while shifting frequency, each of the 
“RC” time constants in a system must be ratioed by the 
same factor. Multiplying DACs are a convenient method 


8-29 


of introducing these controlled ratios. In an “nth” order fil- 
ter, “n” multiplying DACs can be used to simultaneously 
change these time constants. The serial loading of the oc- 
tal MP7641, though not simultaneous, can be imple- 
mented at speeds much higher than is normally required 
for frequency sweeping applications. 


Figure 1. shows one conventional inverting analog in- 
tegrator being driven by one eighth of an MP7641. The in- 
put resistance to the integrator is “R”. Inserting the MDAC 
as shown provides an attenuation “a”. An equivalent re- 
sistance, “Req”, is defined equal to “R/a”. This “Req” can 
range from “R” to infinity as the DAC attenuation is 
changed from one to zero. The effective integration rate 
or “RC” time constant of eight individual integrators can 
ther 
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Figure 2. Two Channel Sweepable Butterworth High/Low Pass 


Figure 2. shows a two channel continuous time, low 
pass or high pass, state variable filter circuit. Each chan- 
nel has four poles generated by two cascaded second or- 
der state variable sections. Each of the integrators con- 
tains one eighth of a MP7641 to adjust it’s “RC” time con- 
stant. The circuit shown is designed to produce a maxi- 
mally flat (Butterworth) response in both channels. The 
highest frequency response is realized when each of the 
MDACs offers essentially no attenuation (255/256). In- 
creasing the attenuation lowers the frequency while pre- 
serving the Butterworth response, if and only if we keep 
the attenuation ratio the same for each integrator. The fre- 
quency response in either channel is lowered from it’s 
highest value by an amount proportional to the attenu- 
ation ratio used for that channel. 


Design information for the filter circuit of Figure 2. is 
givenin Table 7. The initial frequency and type of filter (i.e. 
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ae 


Bottom 
; Channel 
~~ S ~ A Out 
re b ar 
R4 biquad IV NOTE: 
L Connect jumper A 
for low pass 


Connect jumper B 
for high pass 


Butterworth, Chebyshev, etc.) is determined by the val- 
ues of the passive components. Low distortion (80 dB) fil- 
ter circuits ranging from DC to one megahertz are practi- 
cal using this topology and EXAR’s MP7641. 


Note that Chebyshev, Bessel, Elliptical or other realiza- 
tions can be implemented. Band-pass, high-pass, 
notches, phase equalization, and combinations of these 
circuits can be developed using normal filter synthesis 
procedures. The digital control feature is implemented as 
in Figure 1. The calculated integration resistor “R” for the 
highest frequency is then replaced by “Req”. Sweeping to 
lower frequencies is now realized by reducing the gain of 
all MDACs proportionally and simultaneously. 


Changing the pin strapping from position “A” to position 
“B” in Figure 2. produces a high pass configuration in- 
stead of a low pass. The “Butterworth” response and digi- 
tally controlled eee Is 3 preserved Now by cascad- 
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ing the two channels and programming the low-pass and . 


high-pass break frequencies independently, a variety of 
frequency and band-pass options become available. 


The resolution of the MP7641 DAC is eight bits which 
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allows 256 discrete settings for the frequency. Attenua- 
tions of less than 5% are impractical due to linearity er- 
rors. A tuning range of 20 to 1 in increments of .4% is a 
realistic design goal for circuits of this type. 


*Note — values are for 1 MHz bandwidth 


Table 1. Biquad from Figure 2. 


— R6 a2 al 
° V R7 R1 R2 C1 C2 


0 = RS(R3 + R4) /R1_R6 Cl a2 
R4(R5 + R6 + R7) y R2 R7 C2 al 


eee 
ilp = R5 
_ _ R6 
Hbp RS 
R6(R3 + R4 
Hhp = ( ) 


R4(R5 + R6 + R7) 


Design Formulas — State Variable Filter 


Software Controlled Switched Cap Filters 


Switched capacitor filters are often selected as a solu- 
tion to filtering problems in the frequency ranges from DC 
to 150 kHz because of cost and size. They require no ex- 
ternal op amps or capacitors and as many as four biquads 
come in one package. New generation designs offer sig- 
nificantly improved noise and distortion performance 
making their use practical in many more situations. An ad- 
vantage switched capacitor filters have over continuous 
time filters is that they can be tuned by changing the clock 
frequency. This is because the switched integrators are 
incremented only at each clock period. A slower clock 
means a slower integration time constant. Frequency do- 


main characteristics are scaled in proportion to the clock 
frequency. 


Changing the clock frequency can cause problems if 
two circuits in the same system must be tuned separately. 
Beat frequencies between two clocks causes serious 
noise disturbances. The MP7641 can be used to provide 
tuning of multiple switched capacitor filter circuits in the 
same system without introducing two or more clocks. Size 
advantages gained by choosing the switched cap circuit 
are not lost since one MP7641 can be used to “tune” one 
quad biquad yielding an eight pole adaptive filter with only 
two “IC’s”. 


Figure 3. shows some common switched capacitor bi- 
quads moditled to include two op alle DACs from an 
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MP7641. These biquads are available from several sup- 
pliers as singles, duals, triples, and quads in a single 
package. Note that each of the three biquads shown has 
four external resistors and two MDACs. The resistor ra- 
tios configure the biquad frequency and gain characteris- 
tics according to the manufacturers design equations. 
Generic sets of these equations are given for each of the 
three configurations but with the gain ratios of the two 
MDACs included in each case. The resonant frequency, 
gain and “Q” of each second order system is settable by 
specifying the resistor ratios. The gain ratios of the 
MDACs can be used to change the frequency and “Q” in 
accordance with the formulas. These relationships are 
not linear and must be computed. Very complex filter cir- 
cuits can be implemented with minimal hardware using 
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these circuits. 


Three configurations are shown in Figure 3. They in- 
clude biquad |, for high pass, biquad II, for band pass, and 
biquad III, for low pass. Three configurations are required 
in order to conveniently alter the “Q” and resonant fre- 
quency of the biquad while leaving the gain unaltered 
without having to resort to three MDACs per stage. The 
added attenuation ratio of the two MDACs is included as 
the variables “a2”,“a3”, and “a4” in these equations corre- 
sponding to the resistor that particular MDAC is associ- 
ated with. The frequency response of a biquad can now 
be software specified by loading the appropriate eight bit 
word into the two MDACs. The clock frequency is usable 
as an additional variable. 


LOW PASS 


a4 a3 a4 a2 a3 a2 
n3 ni n4 n2 n3 ni n4 n2 n3 n1 n4 n2 
VR VO VR VO VR} VO VR | VO VR {VO VR {| VO 
code in code in code in code in code in code in 
Multiplying DACs from MP7641 
Figure 3. Adjustable Switched Cap Filter Configurations 
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Design Formulas 
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Figure 4. demonstrates the principle. Shown is an eight 
pole Butterworth filter configured to be an adjustable 
bandpass. The top channel uses two of the biquad | cir- 
cuits from Figure 3. The bottom channel uses two of the 
biquad III’s from Figure 3. Both channels together use all 
eight of the MP7641 DACs. The top channel is a four pole 
high pass and the bottom channel is a four pole low pass 
filter. The circuit is scaled so that each channel rolls off at 
50 kHz when all MDACs have no _ attenuation 
(code=11111111, fclk=5 MHZ). The “faqp” frequency of the 
top channel high pass is lowered as DAC attenuation is 
increased. The “fagp” frequency of the bottom low pass 
section is increased as DAC attenuation is added. The 
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frequency of both channels is proportional to the clock fre- 
quency but can also be altered independently by setting 
the appropriate biquad’s to the values given by the formu- 
las in Table 2. and Figure 3. Note that a non-linear rela- 
tionship is needed to specify these settings and that the 
relationship between the DAC coefficients must be main- 
tained to preserve the “Butterworth” response. 


Because the frequency “fggp”, is proportional to the 
square root of DAC settings, the tuning range is limited to 
approximately four to one due to finite DAC resolution. A 
combination of clock and DAC tuning can produce a wide 
tuning range while minimizing noise problems since the 
clock can stay an integer sub-multiple of the master clock. 
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Table 2. Resistor Values from Figure 4. 


frag top (high pass) = 50kHz a4 


ifa3 = Ja4 


1 


Ja2 


faz bottom (low pass) = SO0kHz 


ifa3 = Ja2 


— 


Conditions for Adjustment 
Nominal Clock of 5 MHz, f3gg top=f3gg bottom=50kHz 


BREADBOARD RESULTS 


Continuous Time Circuit — Figure 2. 


A breadboard of the filter circuit of Figure 2. was con- 
structed and evaluated. Figures 5, 6, 7, and 8 show the 
spectrum analyzer generated frequency responses of the 
circuit for various test conditions. High speed op amps 
(i.e., EL2424) were used with the resistor values given in 
Table 1. The capacitor values are specified for each fig- 
ure. 


Figures 5 and 6demonstrate the wide bandwidth capa- 
bility of the MP7641. The top channel is configured as a 
high pass and the bottom channel is jumpered as a low 
pass filter. The MDAC is removed and replaced by a 
jumper for Figure 5. and is included at a gain of one for 
Figure 6. The two configurations should show the same 
frequency response, roll off’s of 80 dB per decade with 
“fgqp” points at 1 MHz for all channels. Note that a slight 
peaking difference can be seen in Figure 7., the case 
where the MDACs are included. This peaking is due to the 
finite 12 MHz bandwidth of the MP7641. Few multiplying 
DACs have adequate bandwidth to perform as well at this 
frequency. The Q of second order systems is sensitive to 
the additional phase shift introduced by the MDAC. Com- 
pensation resistors in series with each integration capaci- 
tor can improve performance further by offering phase 
lead to offset the lag introduced by the MDAC and op amp. 


Figures 7 and 8 demonstrate the flexibility of the cas- 
caded system. At MDAC settings of one and an integrator 
capacitor of 1,160 pF, the “fggp” point for a channel calcu- 
lates to be approximately 140 kHz. Figure 7. shows a 
band pass response where the low pass is Set to 140 kHz. 
and the high pass response is at 17 kHz. The latter is ac- 
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complished by setting the MDACs in the top channel to 
1/8 fullscale. Figure 8. shows the low pass at 100 kHz and 
the high pass at 33 kHz. The top and bottom channel 
MDACs attenuations are set to 3/4 and 1/4, respectively. 
Note the smooth Butterworth response in both these ex- 
amples. 


Switched Capacitor Circuit — Figure 4. 


A breadboard of the switched capacitor band pass filter 
circuit of Figure 4. was constructed and evaluated. Fig- 
ures 9, 10, 11, and 12 show the spectrum analyzer gener- 
ated frequency responses of the circuit for various test 
conditions. An LTC1064 switched capacitor circuit was 
used with the resistor values given in Table 2. The design 
equations of Figure 3. were used to establish a Butter- 
worth response. They also must be used to calculate the 
MDAC attenuation for different frequency responses 
while maintaining the proper shape in the frequency do- 
main. Each time the ratio’s a4 or a2 is changed, a3 must 
be changed by an amount equal to the square root of that 
change. This keeps the “Q” of each biquad constant while 
allowing a frequency shift. 


Figure 9. shows the response with the MDACs ratios 
set at unity and the clock at 4 MHz. The “fagp” frequency 
for both the low pass and high pass is 40 kHz, thus the 
sharp corner at the peak. In Figure 10., the MDACs ratios 
a4, a2, and a3 are set to 1/4, 1/4, and 1/2, respectively. 
This lowers the high pass frequency to 20 kHz and raises 
the low pass frequency to 80 kHz. The flat top is 60 kHz 
wide. Figure 11. and Figure 12. show the same band 
pass after the clock frequency has been reduced 2 to 1 
and 4 to 1. The “faqp” points shift proportional to the clock 
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IRG: 1@dBn 9 REU:10Hz «864UBU: 16Hz 


C = 160 pF 1 MHz High Pass C = 160 pF 1 MHz High Pass 
R’s = (see table) 1 MHz Low Pass R’s = (see table) 1 MHz Low Pass 
Figure 5. Figure 6. 

Continuous Time Filter Continuous Time Filter 

with No DACs with MDACs set to 1 


ie 
a 
oe 
Ean cue 
ee ee 
ee 
a 
: LOG START 
7.06dBa OUT<B): 7. 
ROU: 10ttz vou: ie IRG! 1@dBe 
C= 1, 160 pF Top Channel Attentuation = C = 1, 160 pF Top Channel Attentuation = 
R’s = (see table) 1/8 (17 kHz) R’s = (see table) 1/4 (83 kHz) 
Bottom Channel Attentuation = Bottom Channel Attentuation = 
1 (140 kHz) 3/4 (100 kHz) 
Figure 7. Figure 8. 
Continuous Time Filter Continuous Time Filter 
Band Pass Band Pass 
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99>:39 440. OOHz 
-3.250B 20dB/ 


LOG START: iktz LOG STOP; 1erHz 
OUT<(B>:-4.00dBe ST: 23.0sect16.@sec ila 
IRG: 20dBe «= ROU SOHz «= UB Siz Si. 


Foitk = 4 MHz High Pass — ag = 1, a3 = 1 (40 kHz) Fotk = 4 MHz High Pass — ag = 1/4, ag = 1/2 
Low Pass — a = 1, a3 = 1 (40 kHz) (20 kHz) 
Low Pass — ao = 1/4, a3 = 1/2 
(80 kHz) 
Figure 9. Figure 10. 
Switched Cap Filter Switched Cap Filter 
with MDACs set to 1 20 kHz to 80 kHz 


Pe ne 


Foik = 2 MHz High Pass — ag = 1/4, ag = 1/2 Foik = 1 MHz High Pass — ag = 1/4, ag = 1/2 
(10 kHz) (5 kHz) 
Low Pass — ao = 1/4, ag = 1/2 Low Pass — ao = 1/4, ag = 1/2 
(40 kHz) (20 kHz) 
Figure 11. Figure 12. 
Switched Cap Filter Switched Cap Filter 
10 kHz to 40 kHz 5 kHz to 20 kHz 
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Conclusion 


Flexible software control of frequency shaping circuits 
including adaptive filter networks, adaptive control sys- 
tem compensation, adaptive equalization circuits, etc. 
can conveniently be implemented using the MP7641. It’s 
patented features open new avenues including: 


° Eight voltage output 8-bit MDACs 
% Low cost 

* Low distortion 

+ Wide bandwidth — 10 MHz 

* Excellent applications support 


NEW PRODUCT NOTE 


EXAR also offers an 8 bit, 16 channel multiplying DAC, 
the MP7642. This part will double the order of a filter con- 
trollable by one MDAC package. Most of the techniques 
proposed in this design note are applicable. 
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SPICE MACROMODEL FOR THE MP7641 


Introduction 


The MP7641 eight channel video multiplying digital-to- 
analog converter can be used in applications where digi- 
tally controlled gain with wide bandwidth buffering is re- 
quired. Video channel gain control, communications 
channel equilization, active tunable filters, and adaptive 
feedback systems are examples. Behavioral system sim- 
ulation is often useful in evaluating topologies under con- 
sideration. The SPICE subcircuits offered here approxi- 
mate the linear behavior of aMP7641 channel and can be 
used with PSPICE (copyright Microsim Corporation) to 
gain insight into the linear behavior of MP7641 based cir- 
cuits. Small nomenclature changes permit its use with 
most versions of SPICE. 


Performance 


Graph 3. demonstrates the accuracy of the Macro. Am- 
plitude, phase, and group delay are plotted versus fre- 
quency. The plot includes the same information for a full 
I.C. simulation that includes all devices and parasitics. 
The digital code was set for a gain of 0.5 (half scale). 


Graph 4. shows the Macro’s gain, phase, and group 
delay for input code values ranging from 1/8 full scale to 
full scale. The actual circuit and the Macro have frequen- 
cy characteristics that vary slightly with code input values. 
The Macro uses a voltage controlled resistor to model this 


trait. Note that input code is represented by an analog 
voltage that must be set between 0 and .996, correspond- 
ing to O to full scale digital input (0 to 255 decimal code). 


Graph 1.shows the amplitude and group delay of a typ- 
ical device versus frequency. Graph 2. is an oscillograph 
of amplitude and phase for a typical device. Comparing 
this data to Graph 3. further demonstrates the accuracy of 
the Macro. 


The Test Circuit 


Figure 1. shows a test circuit diagram that uses the 
MP7641 Macro. The two subcircuits shown must be in- 
cluded together in a SPICE file. The 7641 subcircuit calls 
the voltage controlled resistor subcircuit. The file listings 
are given below. 


Cautions 


This Macro accurately predicts the typical linear behav- 
ior only. Nonlinear effects such as clipping, output current 
limiting, etc. will not be reproduced. Temperature and 
noise effects are not included. The macro is primarily use- 
ful in determining small signal frequency and phase re- 
sponse characteristics, and consequently EXAR does not 
warrant designs based on its use. The model is copy- 
righted and is a member of the EXAR macro library. 


Graph 1. (Oscillo) Amplitude and Group Delay 
vs. Frequency 


Graph 2. (Oscillo) Amplitude and Phase 
vs. Frequency 
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SAMPLE SPICE FILE 


7641 macro test file 
*Runs AC response for 8 input codes (.125 Full scale to Full 


*scale in .125 increments 
KERR KEK KKK KKK KKK KKK KEK KR KKK KKK KEKE KKK KEK KEK KKK KEKE KKK KKK KEKE IKK KK 


.param test=1 ;parameter used in step 
.step param test .125 1 .125 ;steps code 
.OP 


.ac oct 40 10k 100meg 
*. TRAN .10 lu 00u 20n ; (UIC) 


KKEEKRKEKKEKRKEKRKKEKR KEKE KEKE KER KEK KEKE KEKE KEKE KKK KKK KK KK KEKE KKK KKKKKKKKK 


vin 10acl1 ;analog input source 

vcode 2 0 {TEST} ;variable defining code input 

x7641 13 2 7641 ;MP7641 macro 

*=sssssssss===== Beginning of Macro =======================©1993 Micro Power Systems 


*Note the code input is represented by an analog voltage 
*between 0 and 1 which scales the gain from 0 to 1. 
.subckt 7641 in out code 
einiso inl 0 in Ol 
empot 9 0 poly(2) (code,0) (8,0) 0000 -1 
vunit code 8 1 
x1 9 0410inl7vr i=;voltage controlled resister 
clad 7 0 6p 
emout in2 0 poly(2) (7,0) (code,0) 00001 
rl in2 1 1k 


x2 23 ik : 
r3 5 0 1.429 

c1 10 16p 

e2 3 0 10p 

es 5 0 .0OTS3u 

11 45 .00753u 

el 20101 

e2 40301 


e3 out 0501 
rref 10 0 12k 
msg 8 0 lt 
route out O Lt 
Frinl inl GO LE 
ein. in 0 1f 
.ends 
* Voltage Controlled Resister Subcircuit * 
»Bubckt vr 1 23 45 
eout 4 6 poly(2) (1,2) (3,0) 00001 
fcopy 0 3 vsense 1 
rin 1 2 1t 
vsense 6 5 0 
.ends 
*eeeesssssssassss== End of Macro ======s==s====s====== 
. OPTIONS ITL5=0 ITL4=140 it11=150 itl2=150 RELTOL=.001 
NOPAGE NUMDGT=6 abstol=le-15 
. probe 
. END 


Fivin sg 7 7 7 7 
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—50 dB 
100 kHz 300 kHz 1 MHz 3 MHz 10 MHz 30 MHz 


[] Full Circuit % Macro 


Graph 3. Macro/Full Circuit Comparison 


60 Ns _———— SS ——_ ee ee eS eee eS SS a ae ' 
L ° + ° + Se ere crn b=Vany, t 
ia x 0 x o x i ; 

Y Y - Y TO at OR, \ 
f a * nl 
' Group Delay 7 . : 
NR 
O + a ee Wee ae we Be ms Na ee ee ee ee “aot eee ee pe on oe ee ve oe ee ge oe a tee ee teed ¥ 
(e) 
0 la a ae i ll ee i ali he alae ial lalate iaaake) 
SY 
' Phase 
-400° ) oye desudiean eee rere 
) = = SSS aaa 
| Amplitude 
—50 dB F----+------- TSS Ses Sees eee SSS SSeS fe Sees SSS Shee S Peewee aa see ae aa S = 
100 kHz 300 kHz 1 MHz 3 MHz 10 MHz 30 MHz 


(] Full Circuit Macro 


Graph 4. Macro Response 
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SUBCKT 7641 in OOT CODE 


EINISO .SUBCKTVR12345 EMOUT E1 E2 E3 
IN4 + R1 R2 L1 
IN vu 
1 2 38 MULT Cc 
L 1 1 | ae 7 10pF a 
= hs 1 =, 1 — 1 
— A 
DAC 1.4292 OUT 
SECTION 
VUNIT(1 V) AMPLIFIER 
SECTION 


cv-8 


>. THESE TWO SUBCIRCUITS 


ARE THE MP7641 MACRO 


BS 
3 
> 


VOLTAGE CONTROLLED 
RESISTOR 


Figure 1. MP7641 Spice Macromodel Test Circuit 
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MP7610/11/12/13 APPLICATION HINTS 


ANALOG GROUND CURRENT 


The MP7610 family of Octal DACs has extremely small 
analog ground current, which significantly reduces chan- 
nel-to-channel intermodulation and board layout com- 
plexity. Unlike a standard R-2R DAC architecture, the 
MP7610 family uses a voltage mode operation which 
eliminates both large, code dependent analog ground 
currents and reference voltage kickback. Figure 7. 
shows a simplified diagram of one DAC channel. The 
analog ground current, IGND, per channel is determined 
by the following expression: 


IGND = ( MSB CODE — 1) » Vance 
8 R 
For values Of Vaer = 5 V and R = 75kQ, 
IGND = =60,LA 


Vat 


Vr- 


Figure 1. Simplified Block Diagram of One 
DAC Channel from the MP7610 Family. 


CAPACITIVE DRIVE CAPABILITY 


The MP7610 Family settling time is specified for a 50pF 
load. Each channel is capable of driving up to a 500pF 
capacitive load without any impact on stability and with 
minor degradation in settling time. For capacitive loads 
above 500pF, isolate the capacitive load from the DAC 
output with a 50Q resistor. With the isolation resistor, the 


Fivin0f J 
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DAC output can drive up to 1uF of capacitance without 
any impact on stability (Figure 2.) 


Conditions for Stability 


For Co =0 C,; < 500pF 
Rs =0 


For (Cy + Co) > SOOpF | Cy < 500pF 
Co < 1uF 
Rg = 500 


MP7610 
Family 


Figure 2. Capacitive Drive Capability. 
Recommended configuration to maintain stability. 


ANALOG APPLICATION HINTS 


Positive Supply 


5V 


Reference MP7610 


VREF : 
Family 


Cbecouple il 


Figure 3. Driving the Reference Pin 


Since Riy of the Vraer pin can vary from 350Q to 
1.05kQ, I),y will vary from 14.3mA to 4.8mA for a5 V refer- 
ence. By connecting a resistor from the positive supply to 
the reference pin and appropriately decoupling it, the re- 
sistor can provide a current of 9.5mA to the reference pin 
and the op amp only needs to drive at most +4.8mA. Res 
may be required to stabilize the reference driving amplifi- 
er due to the decoupling capacitor (Figure 3.) 
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"LINEARITY SPECIFICATIONS 


Bipolar Zero 


+FS 


Chart 1. Total Unadjusted Error 


This section will explain how the linearity specifications 
are defined, measured and used. First, all channels are 
measured at all codes with the voltage reference equal to 
5.000V. Chart 1. represents a typical error plot of all chan- 
nels over allcodes. Fromthis data INL, DNL, positive and 
negative full scale errors, and bipolar zero error for each 
channel are obtained. 


Then, the reference voltage at the Vrer terminal is ad- 
justed such that the positive and negative full scale errors 
for DACO are equal. This allows us to provide three pa- 
rameters that are not normally specified. These are, 
Channel to Channel Maximum Error (AE), All Channels 
Maximum Error (ME), and All Channels Maximum Error 


DAC 0 in bold 


Code 


-FS 


Span (MES). The Channel to Channel Maximum Error 
(AE) is effectively the worst case matching between any 
two channels at any code. The All Channels maximum 
Error (ME) is the total error bound for all channels when 
the voltage reference, Vref, has been adjusted to give 
DACO minimum total error. Since the ME specification in- 
cludes offset, the total error span will be smaller than the + 
ME bound, therefore a Maximum error span is specified, 
MES. Chart 2. shows an example error plot for all chan- 
nels at all codes after Vpaer has been adjusted. In this ex- 
ample, the Channel to Channel Maximum Error, AE = 1 
LSB, the All Channels Maximum Error, ME=+2 andthe 
All Channels Maximum Error Span, MES = +2 - (-0.5) 
=2.5 LSB. 


ME 


+FS 


Chart 2. Total Remaining Error after DAC 0 ee 
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SYSTEM CALIBRATION 


Calibration DAC 


Oto 10V 


VOO 


5V MP7228 vot 
Ref. 1 Octal 8-bit 
DAC 


VO7 


m 
Fo 


5 v +100 mV 


Analog MUX 
8x1 


Figure 4. Calibration Block Diagram 


One of the advantages of the 761X series of octal 
DACs lies in the inherent matching between all eight 
channels which greatly simplifies system calibration. 
Figure 4. shows a block diagram of a calibration scheme 
which illustrates how to calibrate 64 DAC channels using 
one 8 channel data acquisition circuit, a controller and an 
octal calibration DAC. Since the input resistance at the 
VR pin is 700Q, the reference voltage applied to each oc- 
tal DAC can be set to 5 V +100mV in 780uV steps. 


Vining ff Jf 7 7 


Because of the unique method used to specify the ac- 
curacy of the 761X family of octal DACs, one need only 
calibrate DACO and all of the channels are fully specified. 
By calibrating the +FS and -FS values of DACO to have 
the SAME error, the total error of all of the channels is 
minimized and is specified by ME. Therefore, as shown in 
Figure 4., only the output of DACO for each IC is con- 
nected to the data acquisition Circuitry. 


TOM 


« Ref. Voltage ce 
G or DAC 


MPSAN25 


yee ws _possncenssons 
ae ee eee Ps i i Pesce 


The calibration system functions as follows. The con- 
troller selects which IC to calibrate by addressing the ana- 
log MUX appropriately. Then DACO is loaded with all ze- 
ros to set the output to minus full scale. The difference be- 
tween the output and an ideal (reference point) output is 
gained by the difference amp and the resulting error is dig- 
itized by the A/D. The same operation is repeated to 
measure the +FS error. Once the +FS and-FS errors are 
known, the reference voltage supplied to the DAC is ad- 
justed with the calibration DAC to set the +FS error 
EQUAL to the -FS error. This process is then repeated for 
all of the ICs. 


Figure 5. shows a graphical example of the calibration 


process. Figure 5A shows the transfer curve of DACO be- 
fore calibration (i.e. Vagr=5.000V). The —-FS error is 
measured to be —-4 LSBs (-19.5mV) and the +FS error is 
measured to be +3 LSBs (+14.65mV). In order to make 
the +FS error equal the -FS error = —0.5, the calibration 
DAC would be incremented to make 


Veer = 5.0 V — (3.5 LSBs/2) = 4.9915 V 


Therefore, the output of the calibration DAC would be set 
to 5—[(5.0-—4.9915) X 50] = 4.575 V. The input code to the 
calibration DAC would be HEX (75). Figure 5B shows the 
resulting error curve for DACO after calibration. 


Code (HEX) 


A. DACO Error Curve before Calibration 


000 


Code (HEX) 
FFF 


B. DACO Error Curve after +FS Error =—FS Error 


Figure 5. 
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MP8795 / GENERAL HIGH SPEED ADC EVALUATION CIRCUIT 


This note provides suggestions for building a test circuit 
and evaluating the MP8795. Assembly of high speed data 
conversion circuits require special layout and construc- 
tion techniques. Improper circuit board design will seri- 
ously degrade performance. 


Construction 


The circuit shown in Figure 1., when properly as- 
sembled, can be used for evaluating the performance of 
the MP8795. The following construction “hints” may be 
used as a guide. 


1. Avoid using wire wrap and sockets. These add para- 
sitic capacitance and inductance that will seriously 
degrade performance. The use of surface mounted 
components is recommended where possible. 

2. Use separate analog and digital ground planes for 
shielding only. Use separate analog and digital 
ground paths. Use large traces or wire, and connect 
analog and digital grounds and ground planes to- 
gether at one point only. This common connection 
should be as close to the analog ground pin of the 
package as possible. 

3. Use a solid tantalum capacitor (4.7 uF) in parallel 
with a small ceramic capacitor (.1 uF) for all decou- 
pling. Place all ceramic decoupling capacitors as 
close to the package as possible (less than 1/4 in.). 
Chip capacitors have the lowest lead inductance and 
are preferable. The optional inductors shown add 
further isolation from noise on the 5 volt supply lines. 
The 5 V power for AVpp and DVpp should be derived 
from the same source since they are connected to 
the substrate internally. 

4. Use digital latches as buffers at the output to mini- 
mize output capacitance which increases internal 
transient currents in the digital circuitry. High speed, 
low power logic is preferred. An output enable 
should be used to tristate these latches during the 
Ain Sample time. 
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5. Theanaloginput must be alow impedance source or 
the optional analog buffer amplifier should be used. 
Ground plane voids should be put in the vicinity of the 
input terminals to the amplifier and the feedback re- 
sistor to reduce stray capacitance to ground. This 
buffer will also require decoupling capacitors, short 
input leads, shielding from logic signals, wide 
bandwidth, stable performance, and a 50Q isolation 
resistor from its output to the input to the MP8795. 
Signal transmission to the amplifier should be froma 
50Q2 source through a terminated coax (50Q to 
ground at the receiving end), to minimize reflections. 
The amplifier shown produces satisfactory perfor- 
mance. 


The clock input should be shielded, properly termi- 
nated, and dressed so that coupling from the digital 
output to the analog input and other analog terminals 
is minimized. The termination current should be 
through the shield back to the source. 


The reference voltage source should be low imped- 
ance and decoupled as indicated. Adding the decou- 
pling capacitors to the resistor divider string taps im- 
proves high frequency performance. 


Avoid any inputs on any pin exceeding AVpp +0.5 V 
or AGND-— 0.5 V. Observe the absolute maximum 
electrical ratings listed on the data sheet. 


Dynamic Performance Evaluation 


Dynamic testing of high resolution, high speed “flash” 
analog to digital converters is commonly done by input- 
ting low distortion sinusoidal waveforms, digitizing this in- 
put with the A/D under test, then calculating the effective 
resolution, linearity error and distortion using DSP and 
FFT software packages. 


No matter what data gathering system or what level of 
software sophistication is used to perform dynamic test- 
ing, meaningful results will only be attained with a good 
clean hardware setup. It is absolutely necessary that the 
input source have lower distortion than is expected from 
b 


tested. 


the circuit being 


ies 
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Cross Plot Performance Evaluation 


An evaluation of integral and differential linearity can be 
done by using a simple “bench” approach which displays 
a “cross plot” of code widths on an oscilloscope. In addi- 
tion to the circuit being evaluated, the test setup requires 
an oscilloscope, a low noise D.C. voltage source, and a 
triangle wave generator. This “cross plot” technique is im- 
plemented as is shown in Figure 1. and used as follows. 


The precision voltage source is used to manually set 
any D.C. input level. A small portion of the 1 KHz triangle 
wave generator output is added to the D.C. input signal 
and the sum is applied to the A/D under test. The ampli- 
tude of this “dither” signal is nominally eight LSBs, peak to 
peak, referred to input. The full output of the triangle wave 
source also drives the horizontal input (x axis) of the oscil- 
loscope and the gain control is set so that each division is 
one LSB referred to the D.C. input. The two weighted re- 
sistors, connected between the least significant two out- 
put bits, are used to detect code changes and generate 
four output levels at node “C”. This node drives the verti- 
cal scope input (set at 1 volt per division). 


Sev- 
eral LSBs about the D.C. input level causing the A/D out- 
put to change accordingly. These code changes are dis- 
played on the oscilloscope as a staircase and where each 
horizontal division represents one LSB. Note that it is the 
horizontal stair step width that is a measure of input code 
width. The vertical height of each step is not meaningful. 


The input can be manually swept over the input range 
and all code widths observed. Missing codes will cause 
one or more of the staircase steps to be skipped. Wide 
codes will cause the steps to be greater than one division 
wide. If the endpoint thresholds (zero and full scale) are 
set to coincide with the oscilloscope vertical grid lines, in- 
tegral linearity errors are displayed as code changes 
which are off centered from these grid lines. The slow 
“dither’ at the input allows several conversions to be 
made at each threshold. The dispersal of the vertical step 
is a qualitative measure of noise at that threshold. 


These observations can be made at various conver- 
sion rates, power supply levels, and over temperature so 
that significant performance data can be attained without 
sophisticated acquisition hardware and software pack- 
ages. 
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Figure 1. MP8795 Evaluation Circuit 
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COMPENSATING FOR ZERO ORDER HOLD EFFECTS 


Introduction 


EXAR’s family of high resolution and high speed ana- 
log-to-digital and digital-to-analog converters are often 
used in digital video, digital graphics and other mixed sig- 
nal systems where sampled data phenomenon must be 
accounted for in optimizing performance. The amplitude 
attenuation introduced by the “hold” function when recre- 
ating analog signals from sampled data is an example. A 
simple, one amplifier circuit to compensate for this un- 
wanted frequency response loss, while preserving 
constant group delay, is introduced. 


Circuit Description and Results 


A diagram of a sample-hold and the proposed com- 
pensation circuit is shown in Figure 1. When data is taken 
directly from the output of the sample—hold (OUT1), the 
magnitude of the frequency response follows a SIN(X)/X 
curve. Adding the compensation circuit produces a modi- 
fied and significantly improved frequency response 
(OUT2). The value of the RC product in the compensation 
circuit is determined by the sampling frequency (1/4 of 
sampling period) as shown. 


Plots of these effects are shown in Figure 2. and 
Figure 3. The frequency responses shown were gener- 
ated by a SPICE simulation of the circuit shown in 
Figure 1. The sampling frequency (Fs) used was 15 MHz. 
The RC product for the compensation circuit was 16.6 ns. 
An ideal op amp was used for the simulation. 


The amplitude plot in Figure 2. displays three curves. 
Curve “A” represents the hold transfer function alone. 
Curve “B” shows the improved transfer characteristics af- 
ter compensation. Curve “C” shows the amplitude of the 
first order lead response supplied by the compensation 
circuit to hold the overall response flat to higher frequen- 
cies. If the compensation circuit was only a simple first or- 
der lead, it would introduce phase distortion into the modi- 
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fied frequency response. To prevent this, a portion of the 
compensation section is an all pass, phase equalization 
circuit to keep the phase shift linear. The group delay plot 
in Figure 2. presents the results. Curve “D” shows the 
ideally constant group delay of the hold circuit. Curve “E” 
shows group delay after amplitude compensation and 
phase linearization. Note that only a few nanoseconds 
deviation from constant group delay exist for frequencies 
lower than half the sampling rate (7.5 MHz). 


Figure 3. repeats the information of Figure 2. but uses 
an expanded scale so more detail is visible in the signal 
band. It can be seen that the amplitude error at half sam- 
pling frequency (7.5 MHz) can be lowered from almost 4 
dB to less than 0.25 dB. Curve “F” was added to the group 
delay plot, This shows the group delay response to be ex- 
pected with lead compensation alone. This demonstrates 
that the phase equalization is desirable since consider- 
able phase distortion would be present otherwise. 


Conclusion 


The circuit to compensate for the effects of the sample/ 
hold operation can also be placed in the analog path prior 
to the A/D converter when linear operations are being per- 
formed on the signals. Antialiasing and smoothing filters 
sometimes have the SIN(X)/X compensation function 
built in. 


The single amplifier circuit proposed in Figure 1. 
approximately implements the transfer function: 


OUT2%(s) — (1—s: RC) (14+ 14° RCs) 
OUT\(s)  (1+s+ RC) (1 + 0.25- RC: s) 


Any alternate circuit having this transfer function will 
produce the same results. The resistors, capacitors, and 
op amps used must be selected carefully to be compatible 
with the frequency requirements. The SPICE file used to 
generate the frequency response plots is listed below. 
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PSPICE CIRCUIT FILE 


hold compensation test 
KEKE KKK KKK KKK KEKE KKK KEK KEKE KK KKK KKK KE KKK KKK KEKE KEKE KEKE KEKE KKK KKK 


-ac oct 200 1k 100meg 


KKK KKK KEKE KKK KKK KEK KEK KKK KEK KEK KEK KEK KK KKK KEK KEKE KKK KKK KKK KKKEKK 


vin 10Oacl1 


ehold 2 0 LAPLACE {v(1)}={(1l-exp(-s/15e6))/(s/15e6)} ;hold 


el 14 0 11 10 1000 
x1 2 10 1.0k 
t2 211 1.0k 
r3.10 12 1.0k 
r4 14 12 .1k 
r5 13 0 02k 
ot 11 @ 16.5p 
e2 12 13 200p 


rni10ii1t 
m2 2 0 It 


KKEKKKKE KKK KEKE KEK KKK KEKE KKK KK KEKE KR KEK KEKE KEKE KKK KKK KEK KEK KEK KK KEKE KEKE K 


. OPTIONS ITLS=0 ITL4=140 it11=150 it12=150 RELTOL=.001 
NOPAGE NUMDGT=6 abstol=le-15 


KKK KKK KKK KKK KEK KKK KKK KKK KEK KKK KKK KEKE KEK KEKE KKK KKK KE KKK KKK KEKEK 


.probe 
. END 


a aa Sampled and 
Input Sampled Input Held Input 
=e an. OUT1 
A H(s) = L = e's 
\ ST; 
Fy ==> ttt 
S T. 
Fs = Sampling Frequency 
Ts = Sampling Period 
R 
12C 
Compensation 
Circuit fH R 
R 50 


OUT2 


ree 


Figure 1. Compensating for Zero Order Hold 
Amplitude Attenuation 
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Go OUT1 °? OUT2 


Hold 
Frequency 
Response 


Amplitude 


—40dB 
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FREQUENCY RESPONSE EFFECTS OF OVERSAMPLING AND 


AVERAGING ON A/D OUTPUT DATA 


Introduction 


EXAR’s family of high resolution and high speed ana- 
log to digital converters are often used in digital video, dig- 
ital graphics and other mixed signal sampled data sys- 
tems where Digital Signal Processing is used to relax 
analog antialiasing filter requirements. Reducing the ef- 
fects of aliasing (which is the translation of unwanted out 
of band noise and signals into the signal band) can re- 
quire high order lowpass filtering prior to A/D conversion. 


The analog filter complexity can be significantly re- 
duced if the data is oversampled, that is, sampled at a 
higher rate. This raises the Nyquist rate (half sampling fre- 
quency) thereby reducing the attenuation required of the 
analog filter. Typically, doubling the sampling rate cuts the 
filter order (therefore size) in half. The higher digital output 
data rate can be reduced by averaging several samples 
then outputting these computed values at the original low- 
er data rate. This process, called “decimation”, provides 
additional filtering but is also a sampling operation at the 
decimation frequency. The exact frequency characteris- 
tics of the averaging operation (digital filter) is important 
since itimpacts the overall effects of aliasing and modifies 
the in band response of the system. The transfer function 
of two commonly occurring cases is presented below. 


Example | (See Figure 1.) 


The input signal for this example is initially sampled at 
30 MHz. After conversion, two data words are averaged 
and the calculated data is output at a rate of 15 MHz. The 
input pass band is 5 MHz. 


An equivalent block diagram of this system is shown in 
Figure 1. The transfer function is also given. Note that in 
the equivalent circuit, the input signal is delayed by 1/(30 
MHz), added to itself, divided by two, then sampled at 15 
MHz. The operation and transfer function are typical of fi- 
nite impulse response discrete filters. 


Example Il (see Figure 2) 


The input signal for this example is initially sampled at 
30 MHz. After conversion, four data words are averaged 
and the calculated data is output at a rate of 7.5 MHz. The 


input pass band is 2.5 MHz. 


A equivalent block diagram of this system is shown in 
Figure 2. The transfer function is also given. Note that in 
this equivalent circuit, the input signal is delayed down 
three paths by integer multiples of 1/(80 MHz), these 
delayed signals are added to the undelayed input, divided 
by four, then sampled at 7.5 MHz. The operation and 
transfer function are typical of a higher order (than above) 
finite impulse response discrete filter. 


Results 


Frequency response plots for both examples are given 
in Graph 7. Both amplitude responses have zero output at 
their respective output frequency, which is often called the 
decimation frequency. Both are periodic about the input 
sampling frequency. The pass band attenuation for both 
examples is not insignificant and might require com- 
pensation at some point in the signal channel. This can be 
done as part of other analog or digital signal conditioning 
functions. 


Conclusion 


The frequency responses for these discrete filter ex- 
amples can be considered to be cascaded with the input 
antialiasing filter. It adds to the low pass attenuation and 
helps reduce the order of the analog filter. It does not total- 
ly eliminate input filtering since it provides little attenua- 
tion at half the output sampling frequency. The benefits 
are realized at the expense of higher conversion speed 
requirements in the A/D and a small amount of digital sig- 
nal conditioning. 


The transfer function can be generalized for other sam- 
pling and decimation frequencies as follows: 


Dour (S)/Din (S)=(1-exp(—-N"s/Fg))/(N(1—exp(—S/Fg))) 
where, Fs= sampling frequency (input sampler) 


Fy= decimation frequency (output rate) 
and, N= Fs/Fg 


This equation can be used to plot amplitude and phase 
response for any combination of input and output fre- 
quencies. This decimation circuit is common in Delta-Sig- 


ma converters. 
é TOM 
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Figure 1. Two Samples Averaged 


Averaging 


D 
A(t) —O om 
30 MHz 7.5 MHz 
Sampling Sampling 
30 MHz 


| Equivalent Systems 


=f =3:5 -3:5 
==> -( 1 + €30MAz + €30MHz + €30MHz ) 
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Graph 1. Decimation Filter Frequency Response 
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CRITERIA FOR ACCURATE SAMPLING OF ANALOG SIGNALS 


Introduction 


EXAR’s family of high resolution, high speed analog-to- 
digital converters sample the input signals then convert 
these samples to a digital format for processing. The sam- 
pling of analog signals is subject to restrictions and limita- 
tions. The choice of sampling frequency and the effect of 
aperture uncertainty are two important considerations in 
sampled data systems. These are discussed below. 


Choosing a Sampling Frequency 


The Nyquist sampling theorem defines the limitation on 
sampling frequency of an analog signal: In order to sam- 
ple an analog signal for future reconstruction, the sam- 
pling frequency, fs, must be greater than twice the maxi- 
mum frequency component of the analog signal being 
sampled. 


An anti-aliassing filter must be placed in front of the 
sampler if the the signal bandwidth is greater than half the 
sampling rate. The tradeoffs to be considered in selecting 
the filter and sampling frequency are: 


a) A steep cutoff filter permits the use of a lower sam- 
pling frequency but requires a high order filter. 


b) Gradual filter rolloff (lower order filter) implies a high- 
er sample rate (faster A/D). 


c) Phase linearity of the filter must sometimes be con- 
sidered which increases filter complexity. 


Undersampling (Sampling at a rate lower than double 
the maximum frequency) is a technique that can be use- 
fully applied in particular applications. It can for example 
be employed for down conversion of band limited signals. 


Aperture Uncertainty 


Consider a continuous analog signal, v(t), having a 
maximum bandwidth of fryyax. When converting this sig- 
nal, aperiodic sampler, such as a high speed A/D convert- 
er can introduce errors due to sampling time uncertainty. 


The clock signal, which dictates when samples are taken, 
deviates from a perfectly timed periodic signal by some 
amount and the actual system sample time is character- 
ized by a mean and standard deviation called aperture 
delay, ty, and aperture uncertainty, ta. 


When sampling an analog signal, the maximum allow- 
able signal bandwidth can be related to the aperture un- 
certainty of the sampler & clock. 


Consider a sinusoidal signal of maximum amplitude V: 
v(t) = V-: sin(2zft) 


its maximum slope, occurs at V(t)=0 and is: 


An analog signal which has a upper spectral compo- 
nent of fax will thus have a maximum voltage slope: 
Ay 


At = 227 fuax V 


Sampling this slope with an rms time uncertainty of ta 
will generate an rms amplitude uncertainty of: 


Verr = 20° V- ty * fax 


Amplitude quantization by an n-bit A/D converter typi- 
cally yields a 1/2 LSB to 1LSB integral nonlinearity. If one 
allows the sampler to add an 1/2LSB rms error due to the 
sampling inaccuracy: 

Verr a, ol 
2V Qn 


then by substitution: 


l 


Tmax a a t, . Qntl 


As an example, an n = 8-bit high speed A/D converter 
with tg = 40ps can cqnvert an analog input signal with a 
highest full-amplitude spectral component of fryyax =15.5 
MHz, assuming a 1/2 LSB rms amplitude error is allow- 
able. 
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CMOS CURRENT OUTPUT D/A CONVERTER DESIGN CONCEPTS FOR WIDE 
BANDWIDTH APPLICATIONS 


Introduction 


EXAR’s family of high resolution, high speed current 
output digital-to-analog converters are often used in ap- 
plications where speed is critical. Since applying these 
devices requires interfacing with an op amp, the DACs 
code dependent output capacitance becomes important. 
Capacitance from the input of the op amp to ground ad- 
versely affects transient and overshoot characteristics. 
Solutions to this problem are addressed below. 


Capacitive loading of the output amplifier can also 
cause a ringing problem and circuit considerations to 
minimize these effects are discussed. 


The Effect of DAC Output Capacitance 


Below (Figure 1.) is the classical connection for creat- 
ing a voltage outout from a CMOS current output D/A con- 
verter. Figure 2. shows the equivalent AC circuit at Full 
Scale output. 


Figure 1. Typical Configuration CMOS lout 
DAC with External Op Amp forming Voltage 
Output Configuration 


FY rvi0 fF fF fF fF fF / 
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Figure 2. Equivalent Circuit at Full Scale for 
AC Analysis 


By inspecting the linear systems characteristics of this 
circuit (in the form of the classical Bode plots and root lo- 
cus plot, Figures 3, 4 and 5.), it is evident that this circuit 
will exhibit an under damped response, which could be 
unacceptable in some wide bandwidth applications. This 
non ideal response is due to the Co parasitic of the D/A. 


LF Avol 


Amp Main Pole 
P1 


Frequency (Log Scale) 


Figure 3. Op Amp Open Loop Characteristics 


Frequency (Log Scale) 


20 Log ( ) 


Rin 
Riy + Rf 


Gain 
(dB) 


Ryy || Ry x Co = P2 


Figure 4. Feedback Signal Path 
Transfer Characteristics 
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Figure 5. Root Locus 


Most manufacturers propose the solution of inserting a 
Zero (acapacitor) in the feedback loop to compensate for 
this Co generated pole (Figure 6. and Figure 7.) The re- 
sulting linear systems plots (Figures 8, 9, and 10) show 
what is expected. 


Figure 6. Typical Zero Compensation of Co 
General Pole 


Figure 7. Equivalent Circuit at Full Scale for 
AC Analysis 


LF Avol 


Frequency (Log Scale) 


Figure 8. Op Amp Open Loop Characteristics 


Frequency (Log Scale) 


20 Log ( = ) 
Ry + Rf 


Gain 


(4B) | Ra» R, x (Cz + Coy 


Figure 9. Feedback Signal Path 
Transfer Characteristics 


Figure 10. Root Locus 


By adding Ra across Co (Figure 11. and Figure 12.), 4 im- 
provements are obtained : 


1) 


The loop gain of the circuit is lowered, making the 
response more damped (Figures 13, 14, and 15). 
The Co X Ris decreased, separating the Amp pole 
from the parasitic Co pole. 

The Resistance at the Co node is made more 
constant versus DAC code, minimizing variations 
due to code changes. ( The Co still will change 
versus code, so this circuit is still not perfect.) 

Cz can be made smaller, which increases the DAC 


frequency response 


Ra || Riv || Rp x (Cz + ae 


RfIXCz 


Figure 14. Feedback Signal Path 
Transfer Characteristics 


Figure 11. Typical Zero Compensation of Co 
General Pole 


Figure 15. Root Locus 


The best way to characterize the various alternatives is 
to do both a step or impulse response and a frequency / 
phase plot for the Ajy to Voyrt transfer function. 


Cz 


Alternate Rf 
ee ee ee es ee ee eee Connection 


Figure 12. Equivalent Circuit at Full Scale 
for AC Analysis 
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Figure 16. Typical Zero Compensation of Co 
General Poie 
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Figure 13. Op Amp Open Loop Characteristics 
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| Output Loading Effects 


Finally, the last area to be addressed is the characteris- 
tic of the op amp output stage itself (Figure 16.) 


Where high frequency impulse current loads are expe- 
rienced, like at the input of most modern high speed A/D 
converters, the output stage itself will overshoot. Even if 
this seems to be at very high frequencies and very short 
duration, this overshoot will degrade the A/D linearity in 
most cases. The overshoot is due to the Inductive ten- 
dency of the output emitter followers at very high frequen- 
cies. 


Most manufacturers recommend 25 to 50Q in series 
with their op amp output when driving capacitive loads to 
alleviate this problem. The only drawback of this configu- 
ration is the DC error generated by the insertion of Roc. 
The addition of Rgias — from the amp output to a minus 
supply in some cases provides enough additional current 
in the output NPN to give adequate response without this 
series Roc. 
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Finally, the alternate connection shown for Rf may in 
some cases give satisfactory AC results while compen- 
sating the loop for the DC error generated by the Roc — R, 
voltage divider. This connection is possible only because 
Cz provides feedback for high frequencies. The best con- 
figuration is determined by experimentation and depends 


upon the op amp being used. 


One last trick for applications which can tolerate a 
shifted Ground: By connecting the Op Amp and Igo to a 
voltage of 0.3 to 0.6 volts above the CMOS D/A ground, 
The Co will be reduced by over 30 % due to the “Body 
Back Bias” effect on the D/A switches. 


A Practical Example 


Now, specifically for the MP7529A or B versus the 
PM7628: The MP7529A or B Co is 120 pF. The PM7628 
Co is 60 pF. By adding the Ra = 2kQ, to the application, 
the MP7529A or B will actually settle faster since the data 
path to the analog current steering switches is about 30 to 
60 nS faster than the PM7628. Without the Ra, the 
MP7529A or Bwill have overshoot when in a circuit “tuned 
for the PM7628”. 
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ADDING EXTERNAL INPUT RESISTANCE TO THE MP3274/3276 PROVIDES 
FLEXIBLE FAULT CONTROL, GAIN CONTROL AND ANTIALIASING 


Voltage Fault Protection Beyond +150 Volts For 
Transient Conditions 


The input pins of the MP3274/MP3276 are fault pro- 
tected to +50 volts. Higher voltage fault protection can be 
achieved by adding external resisters in series with each 
input. The gain of each channel will be reduced by this 
addition (the input range is increased) and can be re- 
stored to the original by adding a resister from the refer- 
ence output terminal to the reference input terminal, since 
lowering the reference voltage to the ladder network 
raises the gain of the A/D. A formula describing the input 
range as a function of these added resisters (Figure 1.) 
can be written as follows: 


V INPUTRANGE = +2: R 
FN | 


Eqn 1. 


CH1 O 
CH2 © 
CH3 O 
CH4 O 


CHS O 


To Remote 
Ground 


Gives 150 V Overvoltage Protection 


Internal Values 
Rin= 130K Roi = 130K 
Ren=26K Rcop=26K 


By choosing the external resisters so that: 


Ryn Rrerx 
Rin Rap 
Eqn 2. 


The input range is maintained at +10 volts, the standard 
input range for these parts, while increasing the voltage 
fault protection. 


The reference voltage reduction should be kept to less 
than 10% so that other specifications are not adversely af- 
fected. Figure 1. shows the recommended configuration 
forincreasing the fault protection to +150 V. Note that the 
common mode input requires a matching external series 
resister to maintain high common mode rejection. 


The tolerance of the 13KQ external resisters, Ryn, 
needs only be 1% to maintain 0.1% gain accuracy (Rij = 
130KQ) and 60 dB common mode rejection ratio. Mis- 
matches between internal and external absolute values 
completely cancel out so long as the external resisters 
track each other. 


RLap 


Recommended External Resistor Values 


Ryn = 13 K 
Rox = 13K 


Figure 1. Increase Fault Protection to +150 V with External Resistors 
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Gain Control 


The design formula above (Eqn 1.) can be applied to 
more universal requirements where gain calibration as 
well as fault protection is an issue. Varying Rrerx about 
its nominal value will raise or lower the gain simultaneous- 
ly for all channels. Individual channel gain adjustment is 
done with the input series resisters, Rjy. CMRR can be 
adversely affected if the mismatch between the input re- 
sistance and the common mode resister, Rc), is large. 


Using this method to calibrate the gain will introduce a 
small scale factor error due to the absolute tolerance of 
the internal resistors. If the gain is adjusted by 10% using 
Rxn = 13K, the deviation from the calculated input range 
can be as much as 3% for IC resister absolute tolerances 
of 30%. Temperature and time stability after calibration 


13K 
CH1 O 
Standard Range +10 V 
Rr 26K 
CH2 O A 
Range +20 V 26 K 
L Re O 
O) 
Rr 39K 3 
H3 O 
Range +30 V 19.5K 
Rp 
V 
Rr 52K 
CH4 © 
Range +40 V 17.33 K 
Rp 
iW 
Rox 13 K 
GND 
To REF 
Remote 
Ground 


General Case 


Let N = 0 

then 

RT = N - 13K —— 

RB = —N_ . 19g —————_> 


sisters are used. 


Because a maximum deviation around 4 volts of 10% is 
all that is allowed at the reference input, the input range 
cannot be lowered below +9 volts. It can be raised to any 
desired range above 10 volts by using resister dividers as 
inputs to each channel and using the equivalent output re- 
sistance of the divider as the channel input resistance 
term in the above formula and meeting the constraint of 
Egn 2. Figure 2. shows an example of this for several in- 
put ranges. No gain or CMRR error is introduced by abso- 
lute tolerance mismatches in these configurations. 


The internal reference supply can be replaced by a 
software controlled digital-to-analog converter as shown 
in Figure 3. Control of gain error on a per channel basis is 
achieved. No resister induced range errors are 
introduced since the condition of Egn 2. can be met. 


Ri 
Rj MP3274/3276 
R 
Riz 
130KQ 
> A/D 
Rcj 
130KQ 
® O————-_ - -- - -- -- -- - - 
a REF REF 
GNp «COUT IN 
RREFX 
300 Q 


where N > 1 


To A/D 
Rt 


Rp 


Input Circuit 


Figure 2. Using Input Resistor Dividers to Set Input Range and 
Increase Input Fault Protection 
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Voltage 


DAC 


\ Swing from 3.8 V to 4.2 V 
for Input Range of +10 V +5% 


Code In 


Figure 3. Software Gain Control — Individual Gain Control 


Antialiasing Filter 


Asingle pole, passive, antialias filter can be implement- 
ed if an input resister is added as described above. The 
common mode rejection for remote grounding can also be 
preserved by balancing the time constants on the channel 
inputs and common mode input as shown in Figure 4. 


The resisters are chosen as described above then aca- 
pacitor is selected using the formulas given below for the 
3 dB down point and CAPSIZE. Each channel is required 
to have the same frequency response if common mode 
matching is needed for every channel otherwise each 
channel can be set to a different frequency. The 3 dB 
down frequency is selected by considering the sampling 
rate, the attenuation required at half sampling frequency, 
and applying the following formula: 


_ 1/2 fs 
fap ~ 4 Q(att/20) 


Egn 3. 


Viviun f Jf ff ff f 


where, 
fs = sampling frequency 
att = desired attenuation in dB 


{ 
CAPSIZE = —————_——_ 
(2 = fsyg3 - Req) 


Eqn 4. 


Obviously a single pole filter does not permit input 
bandwidths approaching half sampling frequency but in 
many situations wide bandwidth is unnecessary and the 
simplicity of a one pole passive filter is attractive. 


Higher order filtering is possible using the active circuit 
shown in Figure 5. A single inexpensive opamp per chan- 
nel is needed and a second order Butterworth can be im- 
plemented. The circuit shown introduces no offset voltage 
since it is AC coupled. The 3 dB down formula for this cir- 


Cuit Is: 
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1/2 fs The formulas given in Figure 5. can be used to select 


Teas = 4 Q(att/40) component values based on f3db. The allowable input 
Eqn 5. bandwidth is improved over the single pole filter by the 
factor 10(@tV/40) which is normally an order of magnitude 
where, or better. Identical circuitry on the common mode input 
fs = sampling frequency preserves the CMRR_ for those channels that are 
att = desired attenuation in dB matched. 
Rxo 
CHO O . $ MP3274/76 
wey 
Rxn = 
CH1 O * : 
| = ~e 
= To S/H 
etc. 
5 Rex A, REFIN 
C 130K Ror e 
To Remote 


Ground — 


Req = Ryy // 130K 


130K 
Ryn = Reerx ° “3K_ 


. 1 
CAPSIZE = > aay 


Riy = 130 KQ 


Figure 4. Passive First Order Antialiasing Filter 
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Rx4 
CHi O 
C1 C2 
RF 
Rx2 
CH2 O 
C1 C2 
RF 
Rox 
CH1 O 
To Remote G1 C2 
Ground RF 
Ryxn 


= Rrerx ° 3K 


130 K 
: , MP3274/76 
are 
> To S/H 
A > REFIN 
Ror e 
REF REF = —t—<“i_OSC 


OUT | 399 | IN 
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Butterworth Design Equations 
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C /2 


Req = Ryy // 130K 
Cy= Co=C 


~ 20 | fag RF 


Figure 5. Second Order, One Amplifier, No Offset Antialiasing Filter 
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MP8784AB APPLICATION BOARD DOCUMENTATION 


Evaluation Kit Parts List 


This kit contains the following: 


e One MP8784AB Applications Board with sample 
MP8784 

e MP8784AB Documentation 

8 Circuit Diagram 

e Layout Diagrams 


Features include: 


e Easy Evaluation of MP8784 

e Optimized Printed Circuit Board Design 
* Optimized Support Circuits 

e User Friendly Interface 

@ Layout Applicable to Final Design 


Introduction 


The MP8784AB is a complete printed circuit test board 
designed to permit quick and accurate evaluation of 
EXAR’s MP8784, 10-bit 5 MSPS analog-to-digital con- 
verter. This applications board combines a proven PC 
Board layout with optimized analog and digital interface 
circuitry to satisfy the stringent requirements needed in 
evaluating high performance devices of this type. 


The board contains the device being tested (MP8784), 
operational amplifiers for input buffers, control logic and 
latches, and numerous connectors and jumper options. 


With external laboratory equipment, complete DC and 
AC performance of the part can be evaluated. 


Flexible user interface is provided by selectable jumper 
options and convenient connectors. Observation test 
points are available at commonly used locations. 


Firion fs Ff ff fF ff / 
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A Preview of a Common Test Configuration 


The board is set up as a general A/D test circuit where 
the references are fixed. Figure 2. shows the overall cir- 
cuit, Figure 5. shows the PC board layout and jumper 
locations, also listed in Table 1. There are many other cir- 
cuit possibilities built into the universal test board; howev- 
er, Starting with the default circuit is recommended. 


Options for analyzing the output results are discussed 
in detail below. The most effective of these is the use of a 
high speed data acquisition system and FFT software to 
compute the performance parameters. 


System Configuration 


Two complete evaluation circuit block diagrams show- 
ing the MP8784AB with typical external test equipment 
are shown in Figure 2. and Figure 3. The following is a 
more detailed description of the major on-board and ex- 
ternal components used in these systems as seen in 
Figure 2., Figure 3., and Figure 6. 


Application Board Circuitry 


The application board support circuitry is shown in 
Figure 6. The major components supporting the A/D un- 
der test are: 


1. Vpere BUFFER — A dual op amp (EL2224C) can be 
used to isolate the externally supplied VRer(4) and 
Vrer-) from the device under test and provides a 
low source impedance. These buffers can be by- 
passed with onboard jumpers (J6 and J13). If volt- 
age feedback op amps are used, holes for optional 
compensation caps are provided. 


ANALOG INPUT AMPLIFIER — An operational am- 
plifier (AD847) is used in an instrumentation amp 
configuration (gain —5) to provide a low source im- 
pedance to the A/D. Provisions are made for sum- 
ming a dither signal and/or offset voltage with the in- 
put. Holes for optional compensation caps are pro- 
vided on-board. 


DATA LATCHES - The digital output of the A/D drive 
on-board latches which buffer the device under test 
from the external test equipment. 


CONTROL LOGIC — Allows control of the data latch 
clocks as well as the OE pin of the DUT. 
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External Equipment Required 


The system block diagrams (Figure 2. and Figure 3.) 


show the external test equipment required to perform all 
test and evaluation functions. These include: 


‘2 


POWER SUPPLIES — +15 volt and one (or two) +5 
volt external power supplies are needed. Decoupling 
circuits are provided on the applications board, how- 
ever, low noise, low output impedance supplies are 
necessary for best performance. A connector 
(CONS) is used for all power and ground connec- 
tions. This connector is the 10 pin connector located 
next to the Vrer-) input. For best results, twist the 
power supply cable pairs. This minimizes coupling 
to and from these to unrelated sections of the setup. 


CLOCK GENERATOR — A 1 KHz to 5 MHz symmet- 
rical clock signal must be applied to the SMB coax 
connector labeled CLOCK. Note the 50Q input im- 
pedance. 


INPUT SIGNAL GENERATOR - A clean, low distor- 
tion sine wave generator is used as a signal source. 
A band pass filter is sometimes required to further re- 
duce harmonics and bandlimit noise as shown. The 
SMB coax connector labeled V;\, accepts the analog 
input. An on board op amp (AD847) is used to ampli- 
fy this input (gain of -5) and provide low source im- 
pedance to drive the A/D under test. The socket has 
a standard 741 type pinout which allows exper- 
imentation with alternative amplifiers. 


DITHER INPUT — The cross plot test configuration 
(later described) requires a triangle wave signal 
source. This signal is added to a DC input signal 
through the SMB connector labeled DITHER (an in- 
verting input with gain of 1/50). J7 connects this 
point to ground via a 50Q resistor. 


Vin COMMON - An alternate, non inverting input 
(gain of five when dither is disconnected). Connect 
to ground when not used. J11 connects Vij) COM- 
MON to ground via a 50 Q resistor. This input allows 
use of differential inputs or used for applying a DC 
offset for level shifting the Vin. 
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OSCILLOSCOPE - The output of a dither DAC, TP3, 
is used to drive the vertical input of the oscilloscope 
for manual linearity testing using the “cross plot” 
method described on the following page. 


DSP — Evaluation of dynamic and static perfor- 
mance is done by external processing devices that 
perform histogram and harmonic analysis to deter- 
mine characteristics like linearity, noise, distortion, 
intermodulation effects, etc. The data is available at 
the CON1 connector, which is the inside column of 
jumper connectors labelled DO through D9. 


Optional Equipment 


1; 


REFERENCE SUPPLIES -— Internal reference volt- 
ages can be used by shorting J11B and J12B. This 
generates voltages of nominally Vaz = 4 V and Vag = 
1 V. Alternatively, external references may be ap- 
plied through the SMB coax connectors labeled 
VReF(+) and Vrer_y (typically +5 and 0 volts respec- 
tively). The external reference voltages can be con- 
figured to go through op amp buffers or go directly to 
the A/D by using jumpers J6 and J13. Note that 
VReEF(+) Must be more positive than Vrer_), since 
Vat must be >Vrap on chip. 


PRECISION EXTERNAL OUTPUT DAC — As an al- 
ternative to DSP, a high speed precision digital to 
analog converter can reconstruct the output in ana- 
log form. The analog measurements can be used to 
evaluate the A/D’s performance using conventional 
analog instrumentation. Use the DACEN output at 
CON1 to load the reconstruction DAC. 


REFERENCE CONTROL DACS -— The reference 
voltage at the top (Vr_t) and bottom (Vpp) of the A/D 
can be changed by external DACs on alternate 
CLOCK cycles to change offset and scale factor. 
Data can be loaded into the DACs by using the logic 
signal DACEN on the output connector. The two 
DACs must have resolution and settling time 
characteristics consistent with the application. Note 
that C14, C13, C21, and C22 are decoupling 
capacitors at the reference pins. These have to be 
removed when Vrz and Vag are driven dynamically. 
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SYSTEM OPERATION 


Reference Inputs 


With the reference op amps in circuit, the ADC’s refer- 
ence pins (Vap and Vp) are driven in an offset and range 
mode: 


Vrs = VREF(-) 
Vat = Vrer-) + VREF(+) 


Hence Vrer_) defines the offset and Vref) defines 
the span. 


Analog Inputs 


Vin and Viy COMMON Input Only 


Differential input can be achieved by using Viy and (Vinx 
COMMON). If the dither input is left floating, then the dif- 
ferential input to the ADC is given by: 


ADCIN — Vrer-) = 5 (Vin COMMON) — 5 Vin 
where ADCIN = Vix, (MP8784 pin 19) 


under the assumption of ideal components. This allows 
reduction of common mode signals between Vj and 
(Vin COMMON). 


Dither and V;jy COMMON Input Only 


With Vix floating and a signal applied to dither: 


ADCIN = 0.875 ¢ Vy COMMON - 0.05 e dither + 
0.175 VREF(-) 
where ADCIN = Vin (MP8784 pin 19). 


Outputs 


The parallel digital output of the A/D can be accessed 
on connector “CON1”. A system clock (PTSCLK) and an 
external DAC enable (DACEN) are also available on that 
connector. This output data, in conjunction with various 
input stimuli, is used to evaluate the A/D and timing perfor- 
mance. The three common methods are described be- 
low. 


Digital Signal Processing 


A comprehensive dynamic performance evaluation is 
most often done by using external hardware capable of 
fast data acquisition and storage. The computation of in- 
tegral linearity, differential linearity, signal to noise and 
distortion ratios, the effective number of bits, and other 
useful figures of merit is done using software having histo- 
gram and FFT capability. The accuracy of the test results 


depends upon the quality of the input sine wave. A low dis- 
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necessary. 


Commercial software packages with the needed com- 
putational features are available. The Tektronix PTS101 
is used by EXAR to acquire and analyze the ADC data. 


Analog Testing with External DAC 


The logic output of the system can be converted back to 
analog by using a high performance digital to analog con- 
verter. Laboratory spectrum analyzers and oscilloscopes 
can be used to measure linearity, frequency response, 
harmonic distortion, noise, intermodulation distortion, 
etc. These measurements can be converted to the speci- 
fications commonly used in specifying A/D’s dynamically. 
In addition to a high quality sine wave input, the output D/A 
converter must be significantly more accurate than the 
A/D under test. The filtering effects of adding a zero order 
“hold” in the signal path are described in EXAR Applica- 
tion Note MPSAN27 which can be found in the 1995 data 
book. 


Cross Plot 


An evaluation of differential linearity can be simply 
done with an oscilloscope, a triangle wave generator and 
a low noise DC signal source. Input jacks are provided on 
the board so this “cross plot” method can be conveniently 
implemented (See Figure 3.). The oscilloscope must be 
set in the X-Y display mode. 


Figure 1. Cross Plot 


A triangle wave (100 Hz) with a peak-to-peak amplitude 
of approximately 160 LSBs peak is supplied to the “dither” 
input. This is attenuated to 8 LSB’s by the input amplifier. 
The triangle wave is also used to drive the x axis of the 
scope. The horizontal gain is set so that +4 divisions are 
swept. Look at Test Point 3 (TP3) with the vertical input. 
Set the horizontal gain for 1 LSB per division. 
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A stair step waveform will result (See Figure 7.). By fon 


changing the DC input, eight code transitions can be ob- 
served about any DC input level. The horizontal distance 
between these transitions is the code width. Missing 
codes cause steps to be absent. By setting the endpoint 
thresholds to coincide with the scope grid lines, integral 
linearity errors are displayed as thresholds which are off- 
centered from these grid lines. A precision DC voltage 
source is necessary for the integral linearity measure- 
ment. 


Since the conversion speed is much faster than the 
dither frequency, multiple readings are taken at each 
threshold. The horizontal variation of each threshold 
gives a qualitative measure of noise (in LSB’s). 


Using this “cross plot” method is a good way to prove 
out the lab setup prior to more sophisticated DSP test. 


Jumper Options 


The MP8784AB offers flexibility through configuration 
determining jumpers. These optional jumpers furnish 
choices for (1) input termination resistors, (2) bypassing 
of the reference input buffers, and (3) the selection of sev- 
eral logic and clock options. Table /., Figure 4., and 
Figure 5. show the jumper functions along with the default 
configuration set up prior to shipment. 


Termination Options 


Termination resistors (50 2) can be added to the five 
analog input coax SMB connectors as indicated in Table /. 
(J11, J4, J7, J9, and J12). Note that the CLOCK input is 
not optional. A permanent 50 Q termination is connected 
from its input to digital ground (DGND). The default con- 
figuration for the other five coax inputs is — no termina- 
tion resistors are connected. 


Bypass Options 


The reference input buffers can be bypassed with J6 
and J13 or the Vpp pin of the A/D grounded if J8 is in- 
serted. Remove U4, the dual op amp (EL2224C) when 
using these unbuffered modes. The default mode is — 
buffers are out. J11B and J12B allow use of the internal 
references. 


Logic Options 

The logic options are selected using the five jumpers as 
listed in Table /. and shown in detail in Figure 6. Note that 
three of these jumpers have multiple combinations. Note 
also that the clock connected to the A/D being tested is al- 
ways the same as the external clock after a two inverter 


delay. A simplified logic diagram is given in Figure 4. The 
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configurations. The standard evaluation mode is shown in 
Figure 4. 


Final Design Considerations 


After the MP8784AB has been used to demonstrate 
that the MP8784, the clock timing, and the analog support 
circuits are acceptable, the design must be successfully 
transferred to the user’s system. A close copy of the prov- 
en layout is recommended as is the use of identical sup- 
port devices. Where this is not possible, the following ad- 
vice should be heeded: 


1. Be generous with analog and digital ground planes. 
Repeat as closely as possible the ground plane sys- 
tem on the application board. 


2. Keep high frequency decoupling capacitors very 
close to the A/D pins and minimize the loop area in- 
cluded so less flux will induce less noise. Use de- 
coupling capacitors in the same locations as on the 
MP8784AB. 


3. Coupling between logic signals and analog circuitry 
can easily change a 10-bit system into an 8-bit sys- 
tem or worse. Completely separate them. Watch for 
coupling opportunities from other sources not im- 
mediately associated with the A/D. Don’t use switch- 
ing power supplies in adjacent locations for exam- 
ple. 


4. Hi Z the output latches and the A/D outputs during 
the Vin, Sample time. 


5. Use support devices equivalent to those used on the 
evaluation board. Use the application board to verify 
these devices up front. Use very linear passive com- 
ponents in the signal path. 


6. Selecta driving op amp whose noise, speed, and lin- 
earity fits the application. 

7. For sampling of high frequency signals, a sample 
and hold amplifier like the AD783 is recommended. 


8. Decoupling capacitors on pins R1, R2 and R3 do not 
improve the ADC’s performance. 


Additional Documentation 


A set of drawings showing the details of the electrical 
circuit and board layout are givenin Figure 7., Figure 10., 
Figure 8. and Figure 9. Figure 6. is the complete electri- 
cal circuit. Figure 5. shows the jumper locations. 


Technical Hotline 


For any application hints, please call our hotline at 
(408) 562-3615. 
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Table |. Jumper Options 


Termination of Input Coax Cables 


Description 
Connecting adds 50 Q from V;jy COM to AGND 
Connecting adds 50 Q from Vij to AGND 
Connecting adds 50 Q from DITHER to AGND 
Connecting adds 50 Q from VreF,) to AGND 
Connecting adds 50 Q from Vr_er_) to AGND 
Reference Amplifer/Buffer Bypass (See note 4) 
J6 Connecting shorts coax Vrery,) Jack to VagrT of ADC 
| Connecting shorts coax VreF(-) Jack to VaerB of ADC 
J8 Connecting shorts VeerB (on ADC) to AGND 
Connecting connects internal ADC Varts reference 


J12B Connecting connects internal ADC Vppgs reference 
Logic and Clock Jumpers (See note 3) 


J2 (2, 3) Connecting makes the latch clock the same or inverted as the 
ADC clock. Dependent on J12A. 
J2 (2, 1) Connecting delays latch clock by 2 prop delays 


Divides latch clock by 2 for dynamic Vpe_er testing 
J5 Usually connected — except for dynamic Vp_er control 


J12A (2, 1) Latch clock is inverted ADC clock 
J12A (2, 3) Latch clock is same as ADC clock 
J12A (2, 4) Used for dynamic Vpe_r control 


J13A (2, 1) Connects clock to OE through 4.7kQ (delays OE) 


J13A (2, 4) Connects Latch CLK to OE 


J13A (2, 3) Leaves OE open — thus pulled down internally 


Jumper 


cf cy cyl Cy Ow 
N —_ 


q 
i 


Notes: 

1. Jx(a, b) means short pin a and pin b of jumper x. 

2. The ADC clock is not affected by the jumper combinations and is the same as the external clock — 
except for 2 inverter delay. 

3. Connect either J3 or J5 but not both simultaneously. 


4. When using the amplifier bypass jumpers or the internal reference select jumpers, remove the op amps from the sockets. 


Table Il. Test Points 


CLK into MP8784 
Vrert via 100Q resistor 


P 
TP2 
TP3 Crossplot output 
TP6 DO output of MP8784 i.e. LSB 

Pr OE of MP8784 
TP9 Vrerp Via 100Q resistor 
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Table Ill. List of Components 
v2 
yi 
07 
v8 
U4 (optional) 
C13, C20, C21, C27, C4, C8, C9 
13 C11, C14, C19, C2, C22, C23, C24, C25, C3, C5, C6, C7 
R1, R10, R19, R2, R22, R8 


1002 R14, R18, R25, R3 


R17, R20, R26, R29, R31, R4, R6 
3902 R21, R28, R7 
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SMB CONNECTOR | Vin, Vin COM, CLOCK, DITHER, VreFis), VAEF() 


TESTPOINT TP1, TP2, TP3, TP6, TP7, TP9 
Ks 50 Q Cables BNC Male to SMB Jack. Can be purchased from Pasternack, Irvine, CA. 
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2 8 Pin DIP Socket SU4, SU8 
24 IC Socket Pins 


1 10 Pin Header CONS 
Connector 


30 Pin Header CON1, CON2 
Connector 
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Figure 2. General A/D Test Circuit with Fixed Reference 
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Figure 3. “Cross Plot” Set-Up 
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Figure 4. Default Jumper Configuration 
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Figure 5. MP8784AB Default Jumper Settings 
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MP8785AB APPLICATION BOARD DOCUMENTATION 


Evaluation Kit Parts List 
This kit contains the following: 
a One MP8785AB Applications Board with sample 
MP8785 
% MP8785AB Documentation 
e Circuit Diagram 


% Layout Patterns 


Features include: 
* Easy Evaluation of the MP8785 8-bit ADC 
w Optimized Printed Circuit Board Design 
® Optimized Support Circuits 
e User Friendly Interface 
e Layout Applicable to Final Design 


Introduction 


The MP8785AB is a complete printed circuit test board 
designed to permit quick and accurate evaluation of the 
MP8785, 8-bit analog-to-digital converter. This applica- 
tion board combines a proven PC Board layout with opti- 
mized analog and digital interface circuitry to satisfy the 
stringent requirements needed in evaluating high perfor- 
mance devices of this type. 

The board contains the device being tested (MP8785), 
an operational amplifier for input buffering, control logic 
and latches, and numerous connectors and jumper op- 
tions. 

With external laboratory equipment, complete DC and 
AC performance of the part can be evaluated. 

Flexible user interface is provided by selectable jumper 
options and convenient connectors. Observation test 
points are available at commonly used locations. 
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A Preview of aCommon Test Configuration 


The board is set up as a general A/D test circuit where 
the references are fixed. Figure 5. shows the overall cir- 
cuit, Figure 4. shows the defalt jumper settings, also listed 
in Table |. Figures 6 through 9 show the PC board layout 
and componentlocations. There are many circuit possibi- 
lities built into the universal test board; however, starting 
with the default circuit is recommended. 


Options for analyzing the output results are discussed 
in detail below. The most effective of these is the use of a 
high speed data acquisition system and FFT software to 
compute the performance parameters. 


System Configuration 


Two complete evaluation circuit block diagrams show- 
ing the MP8785AB with typical external test equipment 
are shown in Figure 2. and Figure 3. The following is a 
more detailed description of the major on-board and ex- 
ternal components used in these systems as seen in 
Figure 2., and Figure 3. 


Application Board Circuitry 


The application board support circuitry is shown in 
Figure 5. The major components supporting the A/D un- 
der test are: 


1. ANALOG INPUT AMPLIFIER — An operational am- 
plifier is used in an instrumentation amp configura- 
tion (gain —1) to provide a low source impedance to 
the A/D. Provisions are made for summing a dither 
signal and/or offset voltage with the input. Holes for 
optional compensation caps are provided on-board. 


2. DATALATCH-The digital output of the A/D drive on- 
board latches which buffer the device under test 
from the external test equipment. 


3. CONTROL LOGIC — Allows control of the data latch 
clocks as well as the OE pin of the DUT. 
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External Equipment Required 


The system block diagrams (Figure 2. and Figure 3.) 


show the external test equipment required to perform all 
test and evaluation functions. These include: 


ii 


POWER SUPPLIES — +15 volt and one (or two) +5 
volt external power supplies are needed. Decoupling 
circuits are provided on the applications board, how- 
ever, low noise, low output impedance supplies are 
necessary for best performance. A connector 
(CONS) is used for all power and ground connec- 
tions. This connector is the 10 pin connector located 
along the top of the board. For best results, twist the 
power supply cable pairs. This minimizes coupling 
to and from these to unrelated sections of the setup. 


CLOCK GENERATOR -—A symmetrical clock signal 
must be applied to the SMB coax connector labeled 
CLOCK. Note the 50Q input impedance. This drives 
the MP8785 via a two inverter delay. 


INPUT SIGNAL GENERATOR -— A clean, low distor- 
tion sine wave generator should be used as a signal 
source. A band pass or low pass filter is sometimes 
required to further reduce harmonics and bandlimit 
noise as shown in Figure 2. The SMB coax connec- 
tor labeled Ajj, accepts the analog input. An on board 
Op amp is used to buffer this input (gain of —-1) and 
provide low source impedance to drive the A/D un- 
der test. The socket has a standard 741 type pinout 
which allows experimentation with alternative ampli- 
fiers. JQ provides a 50Q input termination imped- 
ance. 


DITHER INPUT — The cross plot test configuration 
(described later) requires a triangle wave signal 
source. This input is attenuated by a factor of 10 and 
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added to the Ajy signal. J6 co 
50Q termination resistor. 


COMMON - An alternate, non inverting input (gain 
of one when dither is disconnected). Connect to 
ground when not used. J12 connects COMMON to 
ground via a 50 Q resistor. This input allows use of 
differential inputs or is used for applying a DC offset 
for level shifting the Ajy. 

OSCILLOSCOPE - The output TP2 of a dither DAC, 
is used to drive the vertical input of the oscilloscope 
for manual linearity testing using the “cross plot” 
method described on the following page. 


Optional Equipment 


1. 


DSP — Evaluation of dynamic and static perfor- 
mance is done by external processing devices that 
perform histogram and harmonic analysis to deter- 
mine characteristics like linearity, noise, distortion, 
intermodulation effects, etc. The data is available at 
the CON2 connector. 


REFERENCE SUPPLIES - Internal reference volt- 
ages can be used by connecting Vrr7 to Vats 
through jumper J3 (top position) and connecting Vag 
to Vrapgs through jumper J7 (top position). This gen- 
erates 2.6 V at Vaz and 0.6 V at Vag. Alternatively, 
J3 and J7 can be placed in their bottom positions to 
connect Vpt to Vpp and Vpp to GND. 


PRECISION EXTERNAL OUTPUT DAC — As an al- 
ternative to DSP, a high speed precision digital to 
analog converter can reconstruct the output in ana- 
log form. The analog measurements can be used to 
evaluate the A/D’s performance using conventional 
analog instrumentation. Use the CLK pin of the out- 
put connector (CON2) to load the reconstruction 
DAC. 
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SYSTEM OPERATION 
Analog Inputs 


Ajy and COMMON Input Only 


Differential input can be achieved by using Ajy and 
COMMON. Ifthe dither input is left floating, then the dif- 
ferential input to the ADC is nominally given by: 


Vin- Vag = COMMON -— Ain 
where Vi, = MP8785 (pin 19) 
VRB = MP8785 (pin 23) 


This allows reduction of common mode signals be- 
tween Ajy and COMMON. 


Dither and COMMON Input Only 
With Ajj floating and a signal applied to DITHER: 


Vin = 0.55 (COMMON + Vag) — 0.1 (Dither) 
where Vin = MP8785 (pin 19) 
VeB = MP8785 (pin 2) 


Outputs 


The parallel digital output of the A/D can be accessed 
on connector “CON1”. A system clock (CLK) is available 
on that connector. This output data, in conjunction with 
various input stimuli, is used to evaluate the A/D and tim- 
ing performance. The three common methods are de- 
scribed below. 


Digital Signal Processing 


A comprehensive dynamic performance evaluation is 
most often done by using external hardware capable of 
fast digital data acquisition, storage and analysis. The 
computation of integral linearity, differential linearity, sig- 
nal to noise and distortion ratios, the effective number of 
bits, and other useful figures of merit is done using soft- 
ware having histogram and FFT capability. The accuracy 
of the test results depends upon the quality of the input 
sine wave. A low distortion sine wave generator with a low 
pass filter will be necessary. 


Commercial software packages with the needed com- 
putational features are available. 


Analog Testing with External DAC 


The logic output of the system can be converted back to 
analog by using a high performance digital to analog con- 
verter. Laboratory spectrum analyzers and oscilloscopes 
can be used to measure linearity, frequency response, 
harmonic distortion, noise, intermodulation distortion, 
etc. These measurements can be converted to the speci- 
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In addition to a high quality sine wave input, the output D/A 
converter must be significantly more accurate than the 
A/D under test. The filtering effects of adding a zero order 
“hold” in the signal path are described in the Application 
Note MPSAN27 which can be found in the Micro Power 
Systems 1995 data book. 


Cross Plot 


An evaluation of differential linearity can be simply 
done with an oscilloscope, a triangle wave generator and 
a low noise DC signal source. Input jacks are provided on 
the board so this “cross plot” method can be conveniently 
implemented (See Figure 3.) The oscilloscope must be 
set in the X-Y display mode. 


Figure 1. Cross Plot 


A triangle wave (100 Hz) with a peak-to-peak amplitude 
of approximately 160 LSBs peak is supplied to the “dither” 
input. This is attenuated to 16 LSBs by the input amplifier. 
The triangle wave is also used to drive the x axis of the 
scope. The horizontal gain is set so that -£8 divisions are 
swept. Look at Test Point 2 (TP2) with the vertical input. 
Set the horizontal gain for 1 LSB per division. 


A stair step waveform will result (See Figure 1.). By 
changing the DC input, eight code transitions can be ob- 
served about any DC input level. The horizontal distance 
between these transitions is the code width. Missing 
codes cause steps to be absent. By setting the endpoint 
thresholds to coincide with the scope grid lines, integral 
linearity errors are displayed as thresholds which are off- 
centered from these grid lines. A precision DC voltage 
source IS necessary for the integral linearity measure- 


ment. 
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Since the conversion speed is much faster than the 
dither frequency, multiple readings are taken at each 
threshold. The horizontal variation of each threshold 
gives a qualitative measure of noise (in LSB’s). 


Using this “cross plot” method is a good way to prove 
out the lab setup prior to more sophisticated DSP test. 


Jumper Options 


The MP8785AB offers flexibility through configuration 
determining jumpers. These optional jumpers furnish 
choices for (1) input termination resistors, and (2) the 
selection of several logic and clock options. Table /. and 
Figure 4. show the jumper functions along with the default 
configuration set up prior to shipment. 


Termination Options 


Termination resistors (50 Q) are provided for all inputs. 
The CLOCK input has a permanenttermination resistor to 
DGND. The Dither, Ajj & COMMON inputs have termina- 
tion resistors which are selected by shorting jumpers J6, 
J9 or J12 as indicated in Table |. The default configuration 
terminates Ajy & COMMON, but not Dither: J9 & J12 
shorted, J6 open. 


Reference Options 


Jumpers J3 and J7 are used to set the top and bottom 
reference voltages for the ADC. Both of these are two 
position jumpers that connect Vrrz (top reference) and 
Vpap (bottom reference) to either the internal reference 
bias (Vets & Vrpgs) orto the supply rails. See Table! fora 
complete description. The default connects V_z to Vpp 
and Vrp to GND: J3(1,2) J7(1,2). 


Logic Options 

There are two logic option configured by jumpers. The 
ADC always receives a clock that is delayed by two invert- 
ers from the externally applied clock input. Jumper J1 
(next to CLOCK SMB) configures the output register to ei- 
ther latch every output from the ADC or every other out- 
put. Jumper J11 is used to connect the OE input of the 
ADC to GND (ADC outputs always active) or to a delayed 
version of the ADC clock (disable ADC outputs on high 
phase of clock to reduce digital noise). The default posi- 
tions will latch every ADC output, J1(1,2), and connect OE 
to the delayed clock signal, J11(1,2). 
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Final Design Considerations 


After the MP8785AB has been used to demonstrate 
that the MP8785, the clock timing, and the analog support 
circuits are acceptable, the design must be successfully 
transferred to the user’s system. A close copy of the prov- 
en layout is recommended as is the use of identical sup- 
port devices. Where this is not possible, the following ad- 
vice should be heeded: 


1. _Begenerous with analog and digital ground planes. 
Repeat as closely as possible the ground plane sys- 
tem on the application board. A four layer board with 
the two internal layers dedicated to power and 
ground planes is ideal. 


2. Keep high frequency decoupling capacitors very 
close to the A/D pins and minimize the loop area in- 
cluded so less flux will induce less noise. Use de- 
coupling capacitors in the same locations as on the 
MP8785AB. 


3. Coupling between logic signals and analog circuitry 
can easily degrade an 8-bit system to a 6-bit system 
or worse. Completely separate them. Watch for cou- 
pling opportunities from other sources not immedi- 
ately associated with the A/D. Don’t use switching 
power supplies in adjacent locations for example. 


4. Hi Z the A/D outputs during the Vij, sample time 
(when CLK is high). 


5. Use support devices equivalent to those used on the 
evaluation board. Use the application board to verify 
these devices up front. Use very linear passive com- 
ponents in the signal path. 


6. Selecta driving op amp whose noise, speed, and lin- 
earity fits the application. 
Additional Documentation 


A set of drawings showing the details of the printed cir- 
cuit board layout are given in Figure 6., Figure 7., 
Figure 8. and Figure 9. Figure 5. is the complete electri- 
cal circuit. Figure 4. shows the jumper locations. 


Technical Hotline 


For any application hints, please call our USA hotline at 
(408) 562-3615. 
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Table I. Jumper Options 


Jumper Description 


J1 (2, 1) Output data at same rate as ADC clock 


J1 (2, 3) Divides output latch clock by 2 for dynamic Ver testing Po 
J3 (2, 1) Vert tied to AVpp of MP8785 


J3 (2, 3) Vez tied to Vats: 2.6 V at Vaz 

Dither terminated to GND via 50 Q 
Vpp tied to GND 

Vep tied to Vaps: Vrp at 0.6 V 

Ain terminated to GND via 50 Q 

OE tied to CLK via 2K Q: OE delayed 


OE tied to GND: The data is continuously available to the 
latches 


COMMON terminated to GND via 50 Q 


aE 


es, 


J 


Notes: 

1. | Jx(a, b) means short pins a and b of jumper x. 

2. The ADC clock is not affected by the jumper combinations and is the same as the external clock — 
except for a 2 inverter delay. 


Table Il. Test Points 


Output Data Latch Clock 
Cross Plot Output 
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Table Ill. List of Components 
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MP8791AB APPLICATION BOARD DOCUMENTATION 


Evaluation Kit Parts List 


This kit contains the following: 


e One MP8791AB Applications Board with sample 
MP8791 


@ MP8791AB Documentation 
e Circuit Diagram 


® Layout Diagrams 


Its uses provide the following features: 


e Easy Evaluation of MP8791 

e Optimized Printed Circuit Board Design 
® Optimized Support Circuits 

e User Friendly Interface 


e Layout Applicable to Final Design 


Introduction 


The MP8791AB is a complete printed circuit test board 
designed to permit quick and accurate evaluation of 
EXAR’s MP8791, 12-bit 2 MSPS analog-to-digital con- 
verter. This applications board combines a proven PC 
Board layout with optimized analog and digital interface 
circuitry to satisfy the stringent requirements needed in 
evaluating high performance devices of this type. 


The board contains the device being tested (MP8791), 
operational amplifiers for input buffers, control logic and 
latches, and numerous connectors and jumper options. 


With external laboratory equipment, complete DC and 
AC performance of the part can be evaluated. 


Flexible user interface is provided by selectable jumper 
options and convenient connectors. Observation test 
points are available at commonly used locations. 


A Preview of a Common Test Configuration 


The board is set up as a general A/D test circuit where 
the references are fixed. Figure 2. shows the overall cir- 
cuit, Figure 5. shows the PC board layout and jumper 
locations, also listed in Table 1. There are many other cir- 
cuit possibilities built into the universal test board; howev- 
er, Starting with the default circuit is recommended. 


Options for analyzing the output results are discussed 
in detail below. The most effective of these is the use of a 
high speed data acquisition system and FFT software to 
compute the performance parameters. 


System Configuration 


Two complete evaluation circuit block diagrams show- 
ing the MP8791AB with typical external test equipment is 
shown in Figure 2. and Figure 3. The following is a more 
detailed description of the major on-board and external 
components used in these systems as seen in Figure 2., 
Figure 3., and Figure 6. 


Application Board Circuitry 


The application board support circuitry is shown in 
Figure 6. The major components supporting the A/D un- 
der test are: 


1. Vpee BUFFER — A dual op amp (EL2224C) can be 
used to isolate the externally supplied Vrer(,) and 
Vrer-) from the device under test and provides a 
low source impedance. These buffers can be by- 
passed with onboard jumpers (J6 and J13). If volt- 
age feedback op amps are used, holes for optional 
compensation caps are provided. 


2. ANALOG INPUT AMPLIFIER — An operational am- 
plifier (AD847) is used in an instrumentation amp 
configuration (gain —5) to provide a low source im- 
pedance to the A/D. Provisions are made for sum- 
ming a dither signal and/or offset voltage with the in- 
put. Holes for optional compensation caps are pro- 
vided on-board. 


3. DATALATCHES - The digital output of the A/D drive 
on-board latches which buffer the device under test 
from the external test equipment. 

4. CONTROL LOGIC — Allows control of the data latch 
cloc ‘3 
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External Equipment Required 


The system block diagrams (Figure 2. and Figure 3.) 


shows the external test equipment required to perform all 
test and evaluation functions. These include: 


Ta 


POWER SUPPLIES — +15 volt and one (or two) +5 
volt external power supplies are needed. Decoupling 
circuits are provided on the applications board, how- 
ever, low noise, low output impedance supplies are 
necessary for best performance. A connector 
(CONS) is used for all power and ground connec- 
tions. This connector is the 10 pin connector located 
next to the VaeF_) input. For best results, twist the 
power supply cable pairs. This minimizes coupling 
to and from these to unrelated sections of the setup. 


CLOCK GENERATOR — A 1 KHz to 2 MHz symmet- 
rical clock signal must be applied to the SMB coax 
connector labeled CLOCK. Note the 50Q input im- 
pedance. 


REFERENCE SUPPLIES — A positive and negative 
reference voltage is connected through the SMB 
coax connectors labeled VreF,) and Vrer- (typi- 
cally +5 and 0 volts respectively). The external refer- 
ence voltages can be configured to go through op 
amp buffers or go directly to the A/D by using jump- 
ers J6 andJ13. Note that Vper:,) must be more posi- 
tive than VReF_), Since Vat must be >Vpp on chip. 


INPUT SIGNAL GENERATOR -— A clean, low distor- 
tion sine wave generator is used as a signal source. 
A band pass filter is sometimes required to further re- 
duce harmonics and bandlimit noise as shown. The 
SMB coax connector labeled Ajj, accepts the analog 
input. An on board op amp (AD847) is used to ampli- 
fy this input (gain of —5) and provide low source im- 
pedance to drive the A/D under test. The socket has 
a Standard 741 type pinout which allows exper- 
imentation with alternative amplifiers. 


DITHER INPUT — The cross plot test configuration 
(later described) requires a triangle wave signal 
source. This signal is added to a DC input signal 
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through the SMB connector labeled DITHER (an in- 
verting input with gain of 1/50). J7 connects this 
point to ground via a 50Q resistor. 


Ain COMMON -— An alternate, non inverting input 
(gain of five). Connect to ground when not used. J11 
connects Ajj COMMON to ground via a 50 Q resis- 
tor. This input allows use of differential inputs or 
used for applying a DC offset for level shifting the 
AIn- 

OSCILLOSCOPE - The output ofa dither DAC, TP3, 
is used to drive the vertical input of the oscilloscope 
for manual linearity testing using the “cross plot” 
method described on the following page. 


DSP — Evaluation of dynamic and static perfor- 
mance is done by external processing devices that 
perform histogram and harmonic analysis to deter- 
mine characteristics like linearity, noise, distortion, 
intermodulation effects, etc. The data is available at 
the CON1 connector, which is the inside column of 
jumper connectors labelled DO through D11. 


Optional Equipment 


cP 


Precision External Output DAC —As an alternative to 
DSP, a high speed precision digital to analog con- 
verter can reconstruct the output in analog form. The 
analog measurements can be used to evaluate the 
A/D’s performance using conventional analog 
instrumentation. Use the DACEN output at CON1 to 
load the reconstruction DAC. 


Reference Control DACS — The reference voltage at 
the top (Vp_z) and bottom (Vpp) of the A/D can be 
changed by external DACs on alternate CLOCK 
cycles to change offset and scale factor. Data can be 
loaded into the DACs by using the logic signal 
DACEN on the output connector. The two DACs 
must have’ resolution and _ settling time 
characteristics consistent with the application. Note 
that C14, C13, C21, and C22 are decoupling 
capacitors at the reference pins. These have to be 
removed when Vrez and Vrp are driven dynamically. 
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SYSTEM OPERATION 


Reference Inputs 


With the reference op amps in circuit, the ADC’s refer- 
ence pins (Vag and Vpz) are driven in an offset and range 
mode: 


Vrs = Vrer(-) Vat = VRer(-) + VREF(+) 


Hence Vref) defines the offset and Vrer(,) defines 
the span. 


Analog Inputs 


Ajj and Ajy COMMON Input Only 


Differential input can be achieved by using Ajj and (Ajj 
COMMON). If the DITHER input is left floating, then the 
differential input to the ADC is given by: 


ADCIN — Vere) = 5 (Ain COMMON) — 5 Ain 


under the assumption of ideal components. This allows 
reduction of common mode signals between Ajj and 
(Ain COMMON). 


DITHER and Ajy COMMON Input Only 


With Ajj floating and a signal applied to DITHER: 


ADCIN = 0.875 e Ajy COMMON — 0.05 e DITHER + 0.175 « 


VREF(-), 
where ADCIN = Ajj (MP8791 pin 3). 


Outputs 


The parallel digital output of the A/D can be accessed 
on connector “CON1”. A system clock (PTSCLK) and an 
external DAC enable (DACEN) are also available on that 
connector. This output data, in conjunction with various 
input stimuli, is used to evaluate the A/D and timing perfor- 
mance. The three common methods are described be- 
low. 


Digital Signal Processing 


A comprehensive dynamic performance evaluation is 
most often done by using external hardware capable of 
fast data acquisition and storage. The computation of in- 
tegral linearity, differential linearity, signal to noise and 
distortion ratios, the effective number of bits, and other 
useful figures of merit is done using software having histo- 
gram and FFT capability. The accuracy of the test results 
depends upon the quality of the input sine wave. A low dis- 
tortion sine wave generator with a band pass filter will be 
necessary. 


MP8791AB 


Commercial software packages with the needed com- 
putational features are available. The Tektronix PTS101 
is used by EXAR to acquire and analyze the ADC data. 


Analog Testing with External DAC 


The logic output of the system can be converted back to 
analog by using a high performance digital to analog con- 
verter. Laboratory spectrum analyzers and oscilloscopes 
can be used to measure linearity, frequency response, 
harmonic distortion, noise, intermodulation distortion, 
etc. These measurements can be converted to the speci- 
fications commonly used in specifying A/D’s dynamically. 
In addition to a high quality sine wave input, the output D/A 
converter must be significantly more accurate than the 
A/D under test. The filtering effects of adding a zero order 
“hold” in the signal path are described in EXAR Applica- 
tion Note MPSAN27 which can be found in the 1993 data 
book. 


Cross Plot 


An evaluation of differential linearity can be simply 
done with an oscilloscope, a triangle wave generator and 
a low noise DC signal source. Input jacks are provided on 
the board so this “cross plot” method can be conveniently 
implemented (See Figure 3.). The oscilloscope must be 
set in the X-Y display mode. 


Figure 1. Cross Plot 


A triangle wave (100 HZ) with a peak-to-peak amplitude 
of approximately 160 LSBs peak is supplied to the “DITH- 
ER” input. This is attenuated to 8 LSB’s by the input ampli- 
fier. The triangle wave Is also used to drive the x axis of the 
scope. The horizontal gain is set so that +4 divisions are 
swept. Look at Test Point 3 (TP3) with the vertical input. 
ain for 1 LSB per division. 
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A stair step waveform will result (See Figure 1.) By 
changing the DC input, eight code transitions can be ob- 
served about any DC input level. The horizontal distance 
between these transitions is the code width. Missing 
codes cause steps to be absent. By setting the endpoint 
thresholds to coincide with the scope grid lines, integral 
linearity errors are displayed as thresholds which are off- 
centered from these grid lines. A precision DC voltage 
source is necessary for the integral linearity measure- 
ment. 


Since the conversion speed is much faster than the 
dither frequency, multiple readings are taken at each 
threshold. The horizontal variation of each threshold 
gives a qualitative measure of noise (in LSB’s). 


Using this “cross plot” method is a good way to prove 
out the lab setup prior to more sophisticated DSP test. 


Jumper Options 


The MP8791AB offers flexibility through configuration 
determining jumpers. These optional jumpers furnish 
choices for (1) input termination resistors, (2) bypassing 
of the reference input buffers, and (3) the selection of sev- 
eral logic and clock options. Jable/., Figure 4., and 
Figure 5. show the jumper functions along with the default 
configuration set-up prior to shipment. 


Termination Options 


Termination resistors (50 {2) can be added to the five 
analog input coax SMB connectors as indicated in Jable /. 
(J11, J4, J7, J9, and J12). Note that the CLOCK input is 
not optional. A permanent 50 Q termination is connected 
from its input to digital ground (DGND). The default con- 
figuration for the other five coax inputs is — no termina- 
tion resistors are connected. 


Bypass Options 


The reference input buffers can be bypassed with J6 
and J13 or the Var pin of the A/D grounded if J8 is in- 
serted. Remove U4, the dual op amp (EL2224C) when 
using these unbuffered modes. The default mode is — 
buffers are out. 


Logic Options 


The logic options are selected using the five jumpers as 
listed in Table /. and shown in detail in Figure 6. Note that 
three of these jumpers have multiple combinations. Note 
also that the clock connected to the A/D being tested is al- 
ways the same as the external clock after a two inverter 
delay. A simplified logic diagram is 
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logic control jumpers are primarily set for two basic test 
configurations. The standard evaluation mode is Shown in 
Figure 4. 


Final Design Considerations 


After the MP8791AB has been used to demonstrate 
that the MP8791, the clock timing, and the analog support 
circuits are acceptable, the design must be successfully 
transferred to the user’s system. A close copy of the prov- 
en layout is recommended as is the use of identical sup- 
port devices. Where this is not possible, the following ad- 
vice should be heeded: 


1. Be generous with analog and digital ground planes. 
Repeat as closely as possible the ground plane sys- 
tem on the application board. 


2. Keep high frequency decoupling capacitors very 
close to the A/D pins and minimize the loop area in- 
cluded so less flux will induce less noise. Use de- 
coupling capacitors in the same locations as on the 
MP8791AB. 


3. Coupling between logic signals and analog circuitry 
can easily change a 12-bit system into an 8-bit sys- 
tem or worse. Completely separate them. Watch for 
coupling opportunities from other sources not im- 
mediately associated with the A/D. Don’t use switch- 
ing power supplies in adjacent locations for exam- 
ple. 

4.  Tri-state the output latches and the A/D enable dur- 
ing the Aj, sample time. 

5. Use support devices equivalent to those used on the 
evaluation board. Use the application board to verify 
these devices up front, i.e. use very linear passive 
components in the signal path. 

6. Selecta driving op amp whose noise, speed, and lin- 
earity fits the application. 

7. For sampling of high frequency signals, a sample 
and hold amplifier like the AD783 is recommended. 


8. Decoupling capacitors on pins R1, R2 and R3 do not 
improve the ADC’s performance. 

Additional Documentation 

A set of drawings showing the details of the electrical 
circuit and board layout are given in Figure 8. Figure 10. 
Figure 7. and Figure 9. Figure 6. is the complete electri- 
cal circuit. Figure 5. shows the jumper locations. 
Technical Hotline 

For any application hints, please call our hotline at 
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Table I. Jumper Options 


Termination of Input Coax Cables 

Description 
Connecting adds 50 Q from Aj, COM to AGND 
Connecting adds 50 Q from Ajy to AGND 
Connecting adds 50 © from DITHER to AGND 
Connecting adds 50 Q from Vrer(4) to AGND 
Connecting adds 50 Q from Vrer_) to AGND 
Reference Amplifer/Buffer Bypass 


Cy} cy Cy Cy 
—)| OF N} #] — 
Ae) — 


Connecting shorts coax Vreri,) Jack to VaerT of ADC 


Connecting shorts coax Vref) Jack to VaeFB of ADC 
Connecting shorts VaeFB (on ADC) to AGND 


Logic and Clock Jumpers 
J2 (2, 3) Connecting makes the latch clock the same or inverted as the 
) 


Cc 
—s 
NO 
> 
— 
N 
— 


ADC clock. Dependent on J12A. 
Connecting delays latch clock by 2 prop delays 


Divides latch clock by 2 for dynamic Vpe_r control 

Usually connected — except for dynamic Var control 
Latch clock is inverted ADC clock 

Latch clock is same as ADC clock 

Used for dynamic Vper contro! 


J13A (2, 1) Connects clock to OE through 4.7k (delays OE) 


J13A (2, 4) Connects Latch CLK to OE 


J13A (2, 3) Connects Aperture to OE 


— 
NO 
— 
N 
= 


Notes: 

1. Jx(a, b) means short pin a and pin b of jumper x. 

2. The ADC clock is not affected by the jumper combinations and is the same as the external clock — 
except for 2 inverter delay. 

3. Connect either J3 or J5 but not both simultaneously. 

4. When using the amplifier bypass jumpers, remove the op amps from the sockets. 


Table Il. Test Points 


CLK into MP8791 

Vrert Via 100Q resistor 
Crossplot output 

DO output of MP8791 i.e. LSB 
OE of MP8791 

Vrerp Via 100Q resistor 
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Table Ill. List of Components 

| 
E 
39Q2 


| 
z 


1 10 Pin Header CON3 
Connector 

30 Pin Header CON1, CON2 

Connector 


MP8791AB PC Board 


a | 
on 
A 
eo 


.. 
= 
= 
5 
o) 
nae 
o 


1 


a 


os 
O 
i 
JD 
© 
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TOM 


601-8 


1 kHz to 
2 MHz 


Clock 
Generator 


‘ 
= S 
Al 


Optional 
Precision 
DAC 


OO'L A8Y 


DC Bias 
Source 


Low Noise L 


Precision Low 
Sine Pass 
Wave Filter 


MP8791AB 


rT Tt FT 4 
15|-15] +5] +5| [ano 


Power Supplies 


Output Connector 
TTT 


Positive |J------ 
Ref. 


Figure 2. General A/D Test Circuit with Fixed Reference 
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fs 


Oll-8 


g 
Se 


Triangle 1 kHz to 


Wave 2 MHz 
Generator Clock 
100 Hz Generator 


EVL6Z8diN 


Precision 
DC Voltage 
Source 


X Axis 


Output Connector 


Positive 


Ref. 


i 
Peed Hela +12 


Power Supplies xplot output 


Figure 3. “Cross Plot” Set-Up 
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e@ e 
74HC174 J3 ( 
* Be 
\7 
ADCCLK 
OE on ADC 
4.7K TP7 
23 From Apert 
Oo «From Aperture 
on ADC 
J13A 4 


from Latch CLK 


Figure 4. Default Jumper Configuration 


ADCCLK 


to Latch CLK 


PTSCLK 


DACEN 


‘ 
x 
Al 
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MP8791AB 


J11 
OO 


GV lL6Z8diN 


©) 


Ain 
COMMON 


1 
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OA Vpp 
OA VEE 
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Ze; io 
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OO 
Oo 
OO 
om @) 
OO 
OO 
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OO 
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OO 
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ome) 
OO 
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*Note: All pins of CON2 are DGND. 


Figure 5. MP8791AB Standard Jumper Settings 
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Figure 8. Bottom Trace 
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Figure 9. Top Silk 
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Package Dimensions 


Package 
Reference No. 


8 Lead Plastic Dual-In-Line (300 MIL PDIP) .................. Pe pb uieece hue Geyer nan eaea ee aos 9-5 
14 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ PEUe cues-y2e she UR beeeeaenounaen at 9-6 
16 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ lS 6 gnaw s cen ekt Reeeeteeaaune sa 9-7 
18 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ DLO aan 244 24d ne et asenedeoneae Os 9-8 
20 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ Meu wd4h eden inedda eee ene ee wane 9-9 
22 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ Ree wee ek ed hk EHE we een pees 9-10 
24 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ PHI24 tevivethann cans ndenedauks 9-11 
24 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ ee 9-12 
24 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ M4 645055660 e800 ws cues anu nenann 9-13 
28 Lead Plastic Dual-In-Line (300 MIL PDIP) ................ INS oon saa nsende devs wewee www 9-14 
28 Lead Plastic Dual-In-Line (400 MIL PDIP) ................ NWS oa. ccc cee nae ewww ned can enn 9-15 
28 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ 2 oc. one doe non ween ee Ke aes 9-16 
40 Lead Plastic Dual-In-Line (600 MIL PDIP) ................ AG 6 bunds ban bnns ene aed knees 9-17 
8 Lead Ceramic Dual-In-Line (800 MIL CDIP) ............... Oe 0544456 ne aed oa beee pd ore sas 9-18 
14 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. i ak ekinns nae oteaseancure eee 9-19 
16 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. DO sacieneeaeeavewaas yer seaar 9-20 
18 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. L1G spacey ahabacene ne eaere ane oe 9-21 
20 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. ee nig veeuk seep antes huede on 9-22 
22 Lead Ceramic Dual-In-Line (400 MIL CDIP) .............. We san sed ded ie eden gen ane ene ae 9-23 
24 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. DINZS «ncn eta eban¥er naw anenen ae 9-24 
24 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. [ee aki kad £86 Rou eas oo aR 9-25 
28 Lead Ceramic Dual-In-Line (300 MIL CDIP) .............. ONZE 192000 cbd nega oon kiweek as 9-26 
28 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. We sicetdaneiedativare teceeees 9-27 
40 Lead Ceramic Dual-In-Line (600 MIL CDIP) .............. (P20 xe wen ave uae a ede wee ee Me 9-28 


20 Lead Ceramic Side-brazed Dual-In-Line 
(S00 We Le. Kccnaewed nee eee ned demeee ake see aee weds Cae aac tick MORES ARE oR ee 9-29 


24 Lead Ceramic Side-brazed Dual-In-Line 
(GOO TIL SVE ISIPE civ see ass eecesee sieeve tedden sns Koen seed os) 9-30 


28 Lead Ceramic Side-brazed Dual-In-Line 
(600 MIL S/B DIP) 
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_ Package Dimensions 


20 Lead Plastic Leaded Chip Carrier (PLCC) ................ PZO «. 
28 Lead Plastic Leaded Chip Carrier (PLCC) ................ P28 .. 
44 Lead Plastic Leaded Chip Carrier (PLCC) ................ P44 .. 
52 Lead Plastic Leaded Chip Carrier (PLCC) ................ P52 .. 
68 Lead Plastic Leaded Chip Carrier (PLCC) ................ P68 .. 
20 Terminal Leadless Chip Carrier (LCC) ................... L20 .. 
28 Terminal Leadless Chip Carrier (LCC) ................... L268 s. 
8 Lead Small Outline (150 MIL JEDEC SOIC) ............... 5S... 
16 Lead Small Outline (150 MIL JEDEC SOIC) .............. SN16 
16 Lead Small Outline (300 MIL JEDEC SOIC) .............. 1D « : 
18 Lead Small Outline (300 MIL JEDEC SOIC) .............. $18 .. 
20 Lead Small Outline (300 MIL JEDEC SOIC) .............. 320 ... 
24 Lead Small Outline (300 MIL JEDEC SOIC) .............. $24... 
28 Lead Small Outline (300 MIL JEDEC SOIC) .............. $28 .. 
28 Lead Small Outline (846 MIL JEDEC SOIC) .............. SW28 
20 Lead Small Outline Package (300 MIL EIAJ SOIC) ........ RN20 
24 Lead Small Outline Package (800 MIL EIAJ SOIC) ........ RN24 
24 Lead Small Outline (335 MIL EIAJ SOIC) ................ R24 .. 
28 Lead Small Outline (8335 MIL EIAJ SOIC) ................ R2e .. 
20 Lead Shrink Small Outline Package (SSOP) .............. A20.. 
24 Lead Shrink Small Outline Package (SSOP) .............. A24.. 
28 Lead Shrink Small Outline Package (SSOP) .............. A28 .. 
20 Lead Thin Shrunk Small Outline (8300 MIL TSSOP) ........ B20 .. 
44 Lead Plastic Quad Flat Pack 

(14mm xX 14mm POFP METRIC) ......cc0eenas ewennarececs Q44 . 
44 Lead Plastic Quad Flat Pack 

1omm AX 10mm PGP, METRIC) ..6csccccencwnvevenvewas uns QN44 
52 Lead Plastic Quad Flat Pack 

(14mm x 14mm PQFP, METRIC) ............ 0.00 cece evens Q52 . 
52 Lead Plastic Quad Flat Pack 

(10mm x 10mm POPP METRIC) co. cccvewcsinascencuunerens QN52 
64 Lead Plastic Quad Flat Pack 

(14mm x 14mm PQFP, METRIC) .............. 0.0.0. 00 cee 

68 Lead Ceramic Quad Flat Pack (CQFP) .................. 

44 Lead Pin Grid Array (PGA) ......... 0.0.00. 

68 Lead Pin Grid Array (PGA) ........ 0.00.0. cece eee 

2 Lead TO-52 Metal Can noc ieccns wee ceweawe nen san neawwwns 

6 Lead TO-52 Metal Can... cece eee eens 

2 LCA PiIRSHG TOS ck 6 nck bin e60 96 6 aie ee deeds eee eennd 
Thermal Data for Packages ............. 0... c cece eee eens 


SEE La 


8 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
N8 


Seating 
Plane L 


INCHES MILLIMETERS 
SYMBOL EN 


a a 

ie 

rs 
| 8 (1) | 0038 0.065 | 0.965 1.65 _| 
pc | coe 0.015 | 0.203 0.381 
pp | 03500405 | 889 10.20 
pe | 0295 0325 | 7498.26 
pe | 
pe | 
pe 
po 
po 
a 


0.220 0.310 9.59 7.87 
0.100 BSC 2.54 BSC 
0.115 0.150 2.92 3.81 
0.055 0.070 1.40 1.78 
0.020 0.055 0.51 1.40 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM 


14 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
N14 


MILLIMETERS 


SEE 
Pa | = 0200 | = 5.08 | 
pA, | oo os 
|B | 0014 0023 | 0.356 0.584 _| 
| Bi) | 0.038 0.005 | 0.965 1.65_| 
CE ee 
po | 0745 ores | 1892 19.94 _| 
pe | 0205 0325 | 749 3.26 | 
a 
pe | 
ke 
po 
po 
[ae 


SYMBOL 


0.220 0.310 Dawe 7.87 
0.100 BSC 2.54 BSC 


0,115 0.150 mes Fd 3.81 
0.055 0.070 1.40 1.78 
0.060 0.098 0.51 2.49 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


16 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
N16 


Seating _A 
Plane L 


7.49 
5.59 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM” 


18 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
N18 


Seating 
Plane 


INCHES MILLIMETERS 
symBoL | _MIN _MAX__| MIN MAX _ 


= 0.200 


0.014 0.023 0.356 0.584 


0.015 — 


La . = 

pA | : 

8 | | 
Percy | com 005s | ams 165 
pc | 0008 0.015 | 0.203 0.381 _| 
po | oes 0.925 | aide 23.50 _ 
pe | 0205 ose | 749 826 
pe | 0220 sto | 550 7.87 
pe | _o1oopsc | 2saasc__ 
a 
a 
| a | 0.055 0070 | 401.78 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 
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20 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
N20 


Seating 
Plane 


| INCHES | MILLIMETERS 
SYMBOL 


. 

|B | oor 0023 | 0356 0.584 | 
po | 094s 060 | 24.0 26.02 _| 
220 0. 
ae 
po 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


0.220 0.310 eRe, 7.87 


Seating 
Plane 


22 LEAD PLASTIC DUAL-IN-LINE 
(400 MIL PDIP) 
N22 


INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 


0.356 0.584 
0.965 1.65 
0.203 0.381 
26.67 28.19 
978 10.80 
838 9.65 
2.54 BSC 

ae 
ee 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


By (1) 
C 
E 
Ey 


TOM 


24 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
NN24 


Seating __A 
Plane L 


———s 


0.115 0.150 2.92 3.81 


0.055 0.070 1.40 1.78 


0.028 0.098 0.711 2.49 


A 

Ay 

By (1) 
C 

E 

E 

t 

Q; 


ft 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM 


0.130 0.230 3.30 5.84 
0015  — 0.381 ” 


By (1) 
0.331 0.385 8.4 9.78 


24 LEAD PLASTIC DUAL-IN-LINE 
(400 MIL PDIP) 
NW24 


INCHES MILLIMETERS 
SYMBOL | MIN MAX | MIN MAX _ 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


0.100 BSC 2.54 BSC 


TOM 


24 LEAD PLASTIC DUAL-IN-LINE 
(600 MIL PDIP) 
N24 


Seating _A 
Plane L 


0.055 0.070 1.40 1.78 
0.040 0.098 1.02 2.49 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM 


Seating 
Plane 


28 LEAD PLASTIC DUAL-IN-LINE 
(300 MIL PDIP) 
NN28 


INCHES MILLIMETERS 


MIN MAX MIN MAX 


0.130 0.230 3.30 5.84 
0.015 — 0.381 — 
0.014 0.023 0.356 0.584 


re 
CA 

re 

Teri [ ose 006s | 0085 155 
To [ome o0ts | oan oa 
To [3010s [ato are 
ee ee 
pe | 020 costo | 610 7.87 
Ps | oiooaso | aurase 
a 
Pe ee Pe 
Ta; [oss oro | ae 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM 


28 LEAD PLASTIC DUAL-IN-LINE 
(400 MIL PDIP) 
Nw28 


Seating _A 
Plane L 


0.130 0.230 3.30 5.84 
0.014 0.023 0.356 0.584 
0.038 0.065 0.965 1.65 
0.008 0.015 0.203 0.381 
1.340 1.485 34.04 37.72 
0.400 0.425 10.16 10.8 
0.265 0.385 927¢ 

0.100 BSC 
0.115 0.150 


0.055 0.070 
0.020 0.100 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM 


28 LEAD PLASTIC DUAL-IN-LINE 
(600 MIL PDIP) 
N28 


Seating _A 
Plane L 


0.055 0.070 1.40 1.78 
0.020 0.100 1.508 2.54 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 
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TOM 


40 LEAD PLASTIC DUAL-IN-LINE 
(600 MIL PDIP) 
N40 


Q; ———EE 
Fe ee 
Seating __A FN 
Plane L 
B 


ak ik 


SYMBOL |__ MIN MAX | MIN MAX __ 


. . 

p 8 | oor 0.023 | 0.356 0.584 | 
|p| seo 2095 | 503 53.2 | 
pe 
po 


0.100 BSC 2.54 BSC 


Note: (1) The minimum limit for dimensions B1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


TOM’ 


8 LEAD CERAMIC DUAL-IN-LINE 
(300 MIL CDIP) 


D8 


See 
Note 1 
a 
Base Q 
Plane é 
Seating 
Plane 


SYMBOL NOTES 
es ee ee ee 
a rr 


} a 
a 
, 
} 
me | aoonea | _emtea [5 
i] oes ome a a | 
Pu ono — | sen — | 
pa | 001s 0060 | ose1 ~—ts2 | 3 
ee ee 
Tsp aus | ome id 
fe 


NOTES 


1 


Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


Dimension Q shall be measured from the seating 
plane to the base plane. 


This dimension allows for off-center lid, meniscus and 
glass overrun. 


The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


Applies to all four corners. 
This is measured to outside of lead, not center. 


TOM 


14 LEAD CERAMIC DUAL-IN-LINE 


(300 MIL CDIP) 


D14 


See 
Note 1 
Base Q 
Plane Y 
Seating L 


Plane 


INCHES MILLIMETERS 
| syMBoL| _MIN__MAX | __MIN__MAX__| _ NOTES | 


fa | — ozo [| — 50 | — | 
pb | 0014 0.023 | 0.956 0.584 | 
pc | coos o.01s | 0.203 ose | — | 
a ae ee ee 
pe | orooasc | asapsc_ | 5 
pe | 025 0200 | 318 5.08 

a a 
a 
eo 
ps | 


NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b1 may be 0.023” 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 


TOM 


16 LEAD CERAMIC DUAL-IN-LINE 


(300 MIL CDIP) 


D16 


See 
Note 1 
~~ 
Base Q 
Plane : 
Seating L 


Plane 


INCHES | MILLIMETERS 
SYMBOL | MIN MAX | MIN MAX NOTES 


pA | =~ 0200 |  — 508 | — | 
pb | 0014 0023 | 0.366 0.584 | 
pc | 0008 0.015 | 0.203 ose | — | 


0.100 BSC 2.54 BSC 
0.125 0.200 3.18 5.08 


_s | 
| 
fe | 
| i 
Tif onso ss i 
PQ [S| 
ve 


0.290 0.320 tor 8.13 


[oo | — 200 | 6 | 
ee ee 
<a 


0.015 0.060 0.381 1.52 3 


3 


NOTES 


1. 


Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


Dimension Q shall be measured from the seating 
plane to the base plane. 


This dimension allows for off-center lid, meniscus and 
glass overrun. 


The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


Applies to all four corners. 
This is measured to outside of lead, not center. 


TOM 


18 LEAD CERAMIC DUAL-IN-LINE 
(300 MIL CDIP) 


D18 


Base 

Plane 4 
Seating [: 
Plane 


SYMBOL | _MIN __MAX__|__MIN___MAX_|_NOTES 
pA | = — of {| — 50 {| — | 
fb | oo 0023 | 0366 o5e4 | — | 
fc | _0.008 0.015 | 0203 0.981 | — | 
ee ee ee ee ee 
(ec | oz os | 559 787 | 4 | 
|e | ___o100Bsc_| 2.54 BSC 
3.18 __5.08 
fa] _—001s 0.070 | _0.381 

| 

po 


: 


Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


Dimension Q shall be measured from the seating 
plane to the base plane. 


This dimension allows for off-center lid, meniscus and 


The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


Applies to all four corners. 
This is measured to outside of lead, not center. 
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20 LEAD CERAMIC DUAL-IN-LINE 
(300 MIL CDIP) 


D20 


See 
Note 1 
Base Q 
Plane ¢ 
see SEY ray 
Pl 
_ lke bd lela feb, 


INCHES MILLIMETERS 
SYMBOL | __MIN MAX __| MIN MAX __|_NOTES 


a ee es ee 
pb | 014 0.023 | 0.356 ose | — 
pce | 0008 0.015 | 0.203 ose | — 
a ee ee 


ee Te 7 
Sl ia el ee 
rr 
Fa | 0015 0070 | 03ers | 3 
ee ee 
ee 
fr 


NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 


TOM’ 


22 LEAD CERAMIC DUAL-IN-LINE 


(400 MIL CDIP) 


D22 


Base 


Plane y 


Seating 
Plane 


INCHES MILLIMETERS 
| sympo. | MIN MAX | MIN MAX __|_NOTES_ 


a 
Sr 
He | 008 ois | oz0e —ose1 | — 
a a ee 
ae a 
ae TT 
ie cee a ee 
rr 
(a | 0015 0070 =| ose1 78 | 3 
ee ee 
Ds [eos — poe — fe 
Pap eee 


| 
L ar 


NOTES 


- 


Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 

The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 

Dimension Q shall be measured from the seating 
plane to the base plane. 


This dimension allows for off-center lid, meniscus and 
glass overrun. 


The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


Applies to all four corners. 
This is measured to outside of lead, not center. = 
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__Package Din 


24 LEAD CERAMIC DUAL-IN-LINE 
(300 MIL CDIP) 
DN24 


Base Q 
Plane t 


Seating 
Plane 


INCHES MILLIMETERS 
_sywpou | win max | MIN __wax__| _NoTEs | 


Pa [020 [sce 
Te [one 000s ase ose | — 
oF onon oss ons ses [= 
a ee 
es 


NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 
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24 LEAD CERAMIC DUAL-IN-LINE 
(600 MIL CDIP) 


Base 

Plane : 
Seating ‘a 

Plane 


INCHES MILLIMETERS 


symBoL_| MIN _MAX__| MIN _MAX__|_NOTES 


pb | 0014 0.023 | 0.356 0.584 
poo p00 77 
pe | otoosc__| 2saesc 
pa 
po 


0° 1s” 0° 15° 


0.13 — 


D24 
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NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 


TOM 


28 LEAD CERAMIC DUAL-IN-LINE 


(300 MIL CDIP) 
DN28 


Base 
Plane 


Seating 
Plane 


[INCHES | | aa ae 


0.240 0.310 6.10 7.87 S. 
0.290 0.320 7.37 8.13 6B 


NOTES 
1. 


Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


The minimum limit for dimension by; may be 0.023 
(0.58 mm) for all four corner leads only. 


Dimension Q shall be measured from the seating 
plane to the base plane. 


This dimension allows for off-center lid, meniscus and 
glass overrun. 


The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


Applies to all four corners. 
This is measured to outside of lead, not center. 


TOM 


28 LEAD CERAMIC DUAL-IN-LINE 


(600 MIL CDIP) 


ss 


Base Q 
Plane y 

Seating L 
Plane 


INCHES MILLIMETERS 


D28 


symBoL_| Min MAX __| MIN _MaX__|_NOTES 


— 0232 | 5.89 | 
| pb | 0.014 0.028 0.356 ose4 | — | 


O° 15° 


| Qo 
po 
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NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 


TOM 


40 LEAD CERAMIC DUAL-IN-LINE 
(600 MIL CDIP) 
D40 


Base Q 
Plane a 

Seating L 
Plane 


INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX NOTES 


I 

p= oes | sre | | 

| 0014 0.023 | 0.956 osea | 

| 0.008 0.015 | 0.203 oss | — | 

p= 2006 | saa | 
a 


ee 

| 

| 

PD | 

Fe | ~~ otoopsc, | asassc, | 5s 
Pu | 0125 0.200 | ate 5.08 | — 
rr 
| a | 00s ovo | ser te | 38 
os 


NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. This is measured to outside of lead, not center. 


TOM 


* 


20 LEAD CERAMIC SIDE-BRAZED DUAL-IN-LINE 
(300 MIL S/B DIP) 
C20 


Eten ttt 


See 
Note 1 
_ 
Base Q 
Plane $ 
Seating uf f Cc 
Plane FO 
alle of ele E 
Li 
b b; 1 


NOTE 
INCHES MILLIMETERS oe 
| owmin = max | MIN. Max 1. Index area; a notch or a lead one identification mark 
SYMBOL MIN MAX MIN MAX NOTES is located adjacent to lead one and is within the 
2. The minimum limit for dimension by may be 0.023 
Le 0.014 0.023 0.356 0.584 a inch (0.58 mm) for all four corner leads only. 
0.038 0.065 0.965 1.65 3. Dimension Q shall be measured from the seating 
[bem ost | = | & Thauimension stows 
0.008 0.015 0.203 tll 4. This dimension allows for off-center lid, meniscus and 
5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
0.220 0.310 tween centerlines. 
0.290 _0.320 6. Applies to all four corners. 
le. 4 0.100 BSC 7. , shall be measured at the centerline of the leads. 
0.125 0.200 


0.150 — 
0.015 0.070 
— 0.080 


0.005 ams 


TOM 
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24 LEAD CERAMIC SIDE-BRAZED DUAL-IN-LINE 
(600 MIL S/B DIP) 
C24 


Base Q 


Plane 4 


‘Seaton FE puUWY 


C 


E 
2 


L 
: 
Pa | ois oo7s | ser tot | 8 
Ts — ome | — ae fe 
ee 


by 


— 1.290 me 32.77 


NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
(0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus 
and glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. E, shall be measured at the centerline of the leads. 


TOM 


28 LEAD CERAMIC SIDE-BRAZED DUAL-IN-LINE 
(600 MIL S/B DIP) 
C28 


Base 


Plane ¢ 


Seats pu Uae 


INCHES MILLIMETERS 
_symBou_| MIN _Max__| MIN _Max__|_NoTES_ 


ee 
| ose 0.005 | 0965 ses | 2 
ee 

1.490 37.85 aa 
a 
ee ee ee 
aa eT 
Pr 
Fa | 0015 o.oeo | set se | 38 
Ts [| — e100 | — ase |e 
Ds [aus — | oe —[f« 
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NOTES 


1. Index area; a notch or a lead one identification mark 
is located adjacent to lead one and is within the 
shaded area shown. 


2. The minimum limit for dimension b; may be 0.023 
inch (0.58 mm) for all four corner leads only. 


3. Dimension Q shall be measured from the seating 
plane to the base plane. 


4. This dimension allows for off-center lid, meniscus and 
glass overrun. 


5. The basic lead spacing is 0.100 inch (2.54 mm) be- 
tween centerlines. 


6. Applies to all four corners. 
7. Ey, shall be measured at the centerline of the leads. 


TOM’ 


Package Dimer 


20 LEAD PLASTIC LEADED CHIP CARRIER 
(PLCC) 
P20 


| use. be | MILLIMETERS | 
symMBoL | MIN MAX | MIN MAX _| 
es 
ee 
| Ds | 200Ref | 5.08 Ref. 


0.050 BSC 1.27 BSC 


Note: (1) Dimension D; does not include mold protrusion. 
Allowed mold protrusion is 0.254 mm/0.010 in. 


TOM 


28 LEAD PLASTIC LEADED CHIP CARRIER 
(PLCC) 
P28 


‘ : | Seating 
~~ Plane 


AR 


! 


nas 


Note: (1) Dimension D, does not include mold protrusion. 
Allowed mold protrusion is 0.254 mm/0.010 in. 


0.485 0.495 12.32 12.57 


TOM 


9-33 


44 LEAD PLASTIC LEADED CHIP CARRIER 


(PLCC) 
P44 


0.097 0.0103 0.246 0.261 
D, (1) 


0.685 0.695 17.40 17.65 
0.650 0.654 16.51 16.61 


0590 0.630 14.99 16.00 
0.500 Ref 12.70 Ref. 
0.050 BSC 1.27 BSC 


Note: (1) Dimension D, does not include mold protrusion. 
Allowed mold protrusion is 0.254 mm/0.010 in. 


Seating 
Plane 


TOM’ 


a 
ee 
| 


785 795 ; 


Note: (1) Dimension D; does not include mold protrusion. 
Allowed mold protrusion is 0.254 mm/0.010 in. 
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52 LEAD PLASTIC LEADED CHIP CARRIER 
(PLCC) 
P52 


Seating 
Plane 


‘TOM 


68 LEAD PLASTIC LEADED CHIP CARRIER 
(PLCC) 
P68 


Seating 
Plane 


yf 
J 


HE 


Te | ova acer | aaao 0580 


Note: (1) Dimension D; does not include mold protrusion. 
Allowed mold protrusion is 0.254 mm/0.010 in. 


aa 


TOM 


20 TERMINAL LEADLESS CHIP CARRIER 
(LCC) 
L20 


h x 45°, 3 places 


+r 
‘a y LA 


af fe 


B3 


> 
= 


INCHES MILLIMETERS 
syMBoL | MIN MAX__| MIN MAX 


To | ost 058 | 860 9.00 
Te | oosoasc | tavesc | 
Ti [oot 0005 [oer 0.05 


“TOM 


28 TERMINAL LEADLESS CHIP CARRIER 
(LCC) 
L28 


h x 45°, 3 places 


aa 


; | 97 places 
_—_ t | | 


t t . 


Detail A 


INCHES MILLIMETERS 
SYMBOL | _MIN MAX __| MIN MAX _| 


To | esas 0485 | 1907186 
es eo 
| 
a | 


0.035 0.045 0.889 1.14 
0.015 0.025 0.381 0.635 
0.040 0.050 1.02 1,27 


TOM 


8 LEAD SMALL OUTLINE 
(150 MIL JEDEC SOIC) 
S8 


a BL jy, 


Plane ~———_ . a - 
- eb dh 


INCHES MILLIMETERS 


syweon | min __max__| win _max 


a 


) 

0 

fp | 899 4.80 4.98 
150.15 3.81 3.99 
23024 
| | 
| 


6 
7 é 


TOM 


Seating 
Plane 


16 LEAD SMALL OUTLINE 
(150 MIL JEDEC SOIC) 
SN16 


INCHES MILLIMETERS 
syMBOL | _MIN MAX __| MIN MAX __ 


0.061 0.068 10 1.73 


|B | corse oor | 0.351 0.488 | 
po | ose6 0303 | 980 9.98 _| 
pe |  oosoasc_ | ta7asc__ | 
po 
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TOM 


Seating 
Plane 


16 LEAD SMALL OUTLINE 
(300 MIL JEDEC SOIC) 
$16 


h x 45° 


~ INCHES MILLIMETERS 
SYMBOL |__MIN_MAX__|__MIN_MAX_| 


0.097 0.104 2.46 2.64 
0.0050 0.0115 0,127 0.292 
0.014 0.019 0.356 0.482 


| 

| 

Psa | io. 

a 
fe | _oosossc | —t.z7esc__| 
a 


TOM 


18 LEAD SMALL OUTLINE 
(300 MIL JEDEC SOIC) 
S18 


yy 
Plane ~———_ a + OL 
dk ke! dL 


INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 


| A | 0.097 0.104 2.464 2.641 
0.0050 0.0115 0.127 0.292 
|B | 0.014 0.019 0.356 0.483 


A 
1 


: 
0.202 0.209 
pe |  oosossc | i.zvasc__| 


0.016 0.035 0.406 0.889 
ee ee 


TOM 
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20 LEAD SMALL OUTLINE 
(300 MIL JEDEC SOIC) 
S20 


coe UP 4 ff§ Is 


Plane ; — ci O 
db tke f dE 


INCHES MILLIMETERS 
symBoL | MIN MAX | _MIN MAX _ 
0.097 __0.104 


0.0050 0.0115 UAl2s 0.292 
0.014 0.019 0.356 0.483 


0.0091 0.0125 0.231 (0.318 
| op | 0.800 0.510 12.70 12.95 
0.292 0.299 7.42 7.59 


0.050 BSC 1.27 BSC 
0.400 0.410 10.16 10.41 
0.010 0.016 0.254 0.406 


0.016 0.035 0.406 0.889 


TOM 


24 LEAD SMALL OUTLINE 
(300 MIL JEDEC SOIC) 
$24 


_ Sr «is AT: 


INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 


|B | oor oor9 | 0.356 0.483 | 


> 
Te [- “omioasc [vase 
ee 


TOM’ 


Seating 
Plane 


28 LEAD SMALL OUTLINE 
(300 MIL JEDEC SOIC) 
S28 


h x 45° 


INCHES MILLIMETERS 
symBou_| win _max__| _min__max_| 


0.097 0.104 2.464 2.642 
0.0050 0.0115 0.127 0.292 
0.014 0.019 0.356 0.483 


ps8 

po | oor ov | 1781 18.06_| 
Pe | oosoasc_ | tzvasc 
a ee 
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TOM 


Seating 
Plane 


28 LEAD SMALL OUTLINE 
(346 MIL JEDEC SOIC) 
SW28 


INCHES MILLIMETERS 
SYMBOL MIN MAX MIN MAX 
Ee a eee 


|B | oor 0.020 | 0.356 0.508 
po | 706 ois | 1793 18.24 
pe | oosopsc | tz7esc 
a ee 


SS SAS 
Se Soe : aS = & 
Sees = 
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TOM 


Seating 
Plane 


20 LEAD SMALL OUTLINE PACKAGE 


(300 MIL ElAJ SOIC) 
RN20 


MILLIMETERS INCHES 
SYMBOL MIN MAX MIN MAX 


1,92 2.28 0.075 0.090 
0.02 0.18 0.001 0.007 
0.25 0.59 0.01 0.022 


| 

0.13 0.20 0.005 0.008 
ee a 0.50 0.516 
6.3 6.7 0.248 0.264 
ae ee 


1.27 BSC 0.05 BSC 
9.45 10.15 0.372 0.4 
0.40 0.80 0.024 0.031 
[e) 


TOM 


Seating 
Plane 


24 LEAD SMALL OUTLINE PACKAGE 
(300 MIL ElAJ SOIC) 
RN24 


MILLIMETERS INCHES 
SYMBOL MIN MAX MIN MAX 


TCM 


Package Dimensions 


24 LEAD SMALL OUTLINE 
(335 MIL EIAJ SOIC) 
R24 


Seating 
Plane 


une Pe | INCHES 
syMBoL | MIN MAX__| MIN. MAX _| 
PB | os oso | 012 0.020 _— 
Po | 50 15.4 | 0.590 0.606 _ 
pe | t.e7(typ) | 0.050 (typ) | 


0.031 


0.047 


TOM 


28 LEAD SMALL OUTLINE 
(335 MIL EIAJ SOIC) 
R28 


Seating 
Plane 


MILLIMETERS INCHES 
syMBOL | MIN MAX | MIN MAX 


2.60 2.80 0.102 0.110 


0.8 1.2 0.031 0.047 


TOM 
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Seating 
Plane 


Package Dimensions 


(SSOP) 
A20 


MILLIMETERS INCHES 
symBoL_| MIN _MAX__| MIN MAX _ 


pe | 20 0.40 | 0.008 0.016 _ 
po | 707 7.40 | 0.278 0.201 
pe | 

| . 

| 

pe 


7.65 8.1 0.301 0.319 
0.45 0.95 0.018 0.037 


ee foes | 


0.65 BSC 0.0256 BSC 


20 LEAD SHRINK SMALL OUTLINE PACKAGE 


TOM 


Seating 
Plane 


24 LEAD SHRINK SMALL OUTLINE PACKAGE 


(SSOP) 
A24 


MILLIMETERS INCHES 
_sywpou | MIN max _| MIN MAX _| 


ee 
PA | 005 021 | 0.002 0.008 _| 
pe | 020 040 | 0.008 0.016 _| 
po | 130.28 | 0.005 0.010 _| 
es ee 
pe | 520 538 | 0.205 0212 | 
2 _|__osbase _{__ozsea8¢__ 
Ei 
ae 
pe 


0301 0.319 
0.018 _0.037 
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TO)M 


Seating 
Plane 


Package Dimensions 


28 LEAD SHRINK SMALL OUTLINE PACKAGE 


(SSOP) 
A28 


f 
rH} 0 


MILLIMETERS INCHES 
SYMBOL MIN MAX MIN MAX 


pe | 020 040 | 0.008 0.016 _| 
pp | 1007 10.40 | 0.397 0.409 _| 
pe | 
pe 


0.65 BSC 0.0256 BSC 
7.65 8.1 0.301 0.319 
0.45 0.95 0.018 0.037 


ee fee | 
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TOM 


20 LEAD THIN SHRUNK SMALL OUTLINE 


(300 MIL TSSOP) 
B20 


MILLIMETERS INCHES 
SYMBOL | MIN MAX | MIN _MAX 


PB | ote 0.30 | 0.0071 o.orte 
a ee 
pe | ossasc_ | o.ozseasc 


ee 
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44 LEAD PLASTIC QUAD FLAT PACK 
(14mm x 14mm PQFP, METRIC) 
Q44 


D 
D; 


23 


33 


w 
£ 


44 


1 11 


Ts | 0s oa | oor o016 
fp | i695 174 
ae ee 
Te | toossc | _omsvaso 


0° 1) Oo 


TOM 


44 LEAD PLASTIC QUAD FLAT PACK 
(10mm X 10mm PQFP, METRIC) 
QN44 


D 
D; 


34 ———— 
— ee] 
el = 
——— a 
ae eon D, D 
sl ——" 
— = 
SEs a 
—— ll 

4 _____) 12 

1 dk 11 
B 
Ao e 


ay 
‘ 


> 
- 


SYMBOL 
pe 


0.100 0.108 


a 0.4 0.012 0.018 
ee eee 0.005 0.009 
lp | 42.95 13.45 0.510 0.530 


9.9 10.1 0.392 0.396 
fe 0.8 BSC 0.0315 BSC 
pe 0.65 1.03 0.026 0.037 


Coplanarity = 4 mil max. 
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TOM 


52 LEAD PLASTIC QUAD FLAT PACK 
(14mm x 14mm PQEFP, METRIC) 
Q52 


D 
D; 


39 27 


it; Eo al OF 
a a 
— Ct 
—— = 
—— ———— 
a a 
Ea aS 
—— ——— D, D 
=a ae 
a —— 
—— == 
= — 

(33 ome ame EP 


MILLIMETERS INCHES 
SYMBOL MIN MAX MIN MAX 
— 0.124 


oof — 
2.6 2.8 0.102 0.110 
pe | os os | 0.012 ore 
Pp | 1695 1745 | 0.667 0.687 _| 


13.9 14.10 0.547 0.555 


1.00 BSC 


TOM 


52 LEAD PLASTIC QUAD FLAT PACK 
(10mm x 10mm PQFP, METRIC) 
QN52 


D 
D; 


er 


39 


40 => — 26 
= = D, D 
= =, 
JUHU UUL UU 
1 dk 13 
B 
A> 7 
aly ©: 
ie vo 
1 L 


RR SES SR NES 


Se 
Se 


TOM 


64 LEAD PLASTIC QUAD FLAT PACK 
(14mm x 14mm PQFP, METRIC) 
Q64 


D; 


48 33 


49 Cc -———-} 30 
eas (a 
Le j 
ae aaa 
ee ae 
aes) at] 
EE ite nssall far 
ee aa 
a ——— D, 
[aes te] 
meee ae 
eae aaa 
aa aa 
ae [pS — xe zal) 
aaa (ames es 

64 ——J 47 

OOOO 
1 16 
B 
A2 e 


MILLIMETERS INCHES 
MIN M 


SYMBOL MIN __MAX 


— 0.124 


0.547 0.555 


0.80 BSC 0.0315 BSC 
0.026 0.040 


68 LEAD CERAMIC QUAD FLAT PACK 
(CQFP) 
F68 


51 


——— “J. 4 
aaa | 
CC az 
— =a 
ee a 

fo eres) —— 

— dl 
— [eae 7] 
aca ees D; D 
—s ay 
——=) ——— 
CC ——— 
ad a 
a — 
a ass 

68 ——— ——at 4S 
1 
B 
A2 
e 
Cc 


epee ee 


| ae ee 
— 0.725 0.741 18.4 18.8 


0.544 0.556 13.8 14.1 
0.025 BSC 
0.052 0.068 


TOM 


Package Dimensions 


44 LEAD PIN GRID ARRAY 
(PGA) 
G44 


QW NVZANYAN 


S\N CAN 

i elbe le he a a 
b\ Ca) Ca CANUCAN CAN 
7 NU MEATY Sa 


bY 
&, 


Na 


AWAN 


+ 


ee 
AWARE 


awsaws 


fT NY 


ARTA TARTANA 
i SANS, pl ae ie KJ 
Ca (aN CaN CAN CAS 


NGMMAS ZAS ZAS 2/\S AS ZANZ 
H G@ FED GBA 


Ca (hb CANIN CAN 
mh oO fF OA HD N @ 


WY 


Pin 1 


Seating Plane 


eS ee 
0.082 0.10 


CONNECTION TABLE 


PAD PIN PAD PIN PAD PIN 


PD 0.841 0.859 21.4 21.8 
0.688 0.712 17.5 18.1 
pe 0.100 typ. 2.54 typ. 
0.170 0.190 4.32 4.83 


- OON OA HfF WN — 


at ak 
ND — 


Note: The letters A-H and numbers 1-8 are the coordinates 
of a grid. For example, pin 1 is at the intersections of the “B” 


vertical line and the “2” horizontal line. 
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68 LEAD PIN GRID ARRAY 


(PGA) 
G68 


oe 


i 


Seating Plane 


soos | wo [ wm unt 
Ta | 0079 0.0 | 200 241 | 
fb | oor 0.020 | 0406 0.508 | 
Pp | 188 1.10 | ore aur 
To, | o7es sie [2002068 
fe 
Puy 
To 


0.100 typ. 2.54 typ. 
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vertical line and the “2” horizontal line. 


aes NwAN WANWsN Ca\ (a Ch (AN 
BECCCCCS 4: 
AVE, B\ Kb) CN BN BN BN 
AT SO SS a 


Pooh 


PTT STP 
A RWANWANTAN 


aie 


\Q 
DHE HB) 


Co (op \ (aN (h\ CEN CEN CEN CAN BY 


<E7 XS ST 


cS) eS 


CECCCEES 
7 APHHPHOHDE 


Pin 1 IP = Index Pin, not connected 


CONNECTION TABLE 
| PAD PIN | PIN | PAD | PAD PIN | PAD | PAD PIN | PAD PIN 


OAOnN on hr Wn — 


<e) 


ak oh ok ah ek ak aE ack 
NO f W DY + CO 


Note: The letters A-H and numbers 1-8 are the coordinates 
of a grid. For example, pin 1 is at the intersections of the “B” 


- DO Dm Wa ® rt e& KF 


TO)M 


_ Package Dimensions 


2 LEAD TO-52 METAL CAN 


TM2 


Reference Plane 


INCHES MILLIMETERS 
_svmpou | MIN Max _|_MIN_MAX__|_NOTES_ 


PY 
| | 0.016 0.019 0.406 0.483 


0.016 0.021 0.406 0.553 
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Aa 
Fo } re 
SN A LI 
i a 
ee 
a 


9-63 


NOTES 


if 


(All leads) @b applies between L; and L»>. db; applies 
between L2 and 0.500 (12.70 mm) from the reference 
plane. Diameter is uncontrolled in L; and beyond 0.500 
(12.70 mm) from the reference plane. 


Measured from the maximum diameter of the product. 


Leads having a maximum diameter 0.019 (0.48 mm) 
measured in gauging plane. 0.054 (1.37 mm) + 0.001 
(0.03 mm) — 0.000 (0.00 mm) below the base plane of 
the product shall be within 0.007 inch (0.18 mm) of their 
true position relative to a maximum width tab. 


The product may be measured by direct methods or by 
gauge. 

All leads — Increase maximum limit by 0.003 (0.08 mm) 
when lead finish A or B is applied. 
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6 LEAD TO-52 METAL CAN 


TM6 


Reference Plane 
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NOTES 


(All leads) Ob applies between L; and Ly. db; applies 
between Lz and 0.500 (12.70 mm) from the reference 
plane. Diameter is uncontrolled in Ly and beyond 0.500 
(12.70 mm) from the reference plane. 


Measured from the maximum diameter of the product. 
Leads having a maximum diameter 0.019 (0.48 mm) 
measured in gauging plane. 0.054 (1.37 mm) + 0.001 
(0.03 mm) — 0.000 (0.00 mm) below the base plane of 
the product shall be within 0.007 inch (0.18 mm) of their 
true position relative to a maximum width tab. 

The product may be measured by direct methods or by 
gauge. 

All leads — Increase maximum limit by 0.003 (0.08 mm) 
when lead finish A or B is applied. 
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oD 


Package Dimensions 


2 LEAD PLASTIC TO-92 
TP2 


ee 


| Cathode ms 


ob 


eames, | Tia eg 
syMBOL | MIN MAX | MIN MAX __ 


| 

| gD 0.175 0.205 4.44 5.21 

| E | 0.125 (0.165 3.18 4.19 
| 


0.095 0.105 2.41 2.67 
0500 
0.080 0.105 2.03 2.67 
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Theta JA 
Package Type 


PDIP 
(Cu Leadframe) 


CERDIP 
(Alloy 42 Leadframe) 


SIDE BRAZED 
(Alloy 42) 


PLCC (Cu) 


SOIC JEDEC 
(Cu) 


SOIC EIAd (Alloy 42) 


SSOP (Cu) — = 
a eee ren 


PTSSOP i ae 
(14 x 14) eu ? 
Note: Theta JA and derating factors are nominal values; they can vary up to +20% 


_ ——_— pan x 10) (Cu) 0 
(14 x 14) ( 


(14 x 14) (Alloy 42) 150 
64 
PGA (Alloy 42) F = 
68 50 
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Definitions of the performance specifications and 
related information are provided in alphabetical order as 
follows: 


Absolute Accuracy: The difference between the 
expected output voltage/current and the actual output. 


Channel-to-Channel Isolation: For multiple DACs, the 
proportion of input signal from one DACs reference input 
which appears at the other DAC output. Normally 
expressed as a ratio in dB. 


Differential Nonlinearity (DNL): The difference (in LSB) 
between the actual and the ideal code transitions 
between any two adjacent codes. 


Digital Crosstalk: For multiple DACs, the glitch energy 
transferred to the output of one converter due to a 
change in digital input code to the other converter. 
Specified in nV-Seconds, with Vrer-A and Vr_er-B equal 
to AGND. 


Digital-to-Analog Converter (DAC): A device which 
converts a digital input to an analog output (either voltage 
or Current). 


Feedthrough Error: <A _ signal which results from 
undesired coupling from input to output. Variously 
specified in units of ppm, percent, mV, or fraction of LSB. 


Four Quadrant Multiplication: A multiplying DAC which 
can operate with reference inputs and analog outputs of 
either positive or negative polarity. 


Full Scale Output (Span): The maximum amount of 
output the DAC can provide when the full scale digital 
input code is used. 


Gain: Ratio of the DACs operational amplifier output 
voltage to the reference voltage. “Zero” Gain is defined 
when Voyt equals !Vrer —1 LSBI. 


Gain Error: the difference between the actual and ideal 
output voltage/current measured at full scale. Also called 
Full Scale Error. Specified in mV, LSB, or percent of Full 
Scale. The ideal full scale output for a DAC of “n” bits is: 


Veer (# a 1) 


Digital-to-Analog Converter Terms 


Glitch Energy: The glitch “impulse” injected from the 
digital inputs to the analog output when the inputs 
change state. This is normally specified as the area of 
the glitch in either pA-Seconds or nV-Seconds. 


Harmonic Distortion (and Total Harmonic Distortion): 
The DAC is driven by the digitized representation of a 
sine wave and the resulting lower order harmonics are 
measured. The ratio of the rms sum of the harmonics of 
the DAC output to the fundamental value is the THD. The 
lower order harmonics are included, i.e. second through 
fifth: 


(Vo= + V3" + V4" + V5) 1/2 
Vy 


THD = 20 log 


where V1 is the rms amplitude of the fundamental and 
Vo, V3, V4, and Vs are the rms amplitudes of the individual 
harmonics. 


Integral Nonlinearity (INL): See Relative Accuracy. 


Intermodulation Distortion: The DAC is driven by the 
digitized representation of two combined sine waves of 
frequencies fa and fb. As with any imperfectly linear 
device, distortion products (of order m+n) are produced 
at sum and difference frequencies of mfa + nfb where m, 
n=0, 1, 2, 3,... Intermodulation terms are those for 
which mornis not equal to zero. The second order terms 
include (fa + fb) and (fa—fb) and the third order terms are 
(2fa + fb), (2fa — fb), (fa + 2fb) and (fa — 2fb). IMD is 
defined as: 


(rms sum of the sum and difference 


WD =20og ————_iotien prodaes) __ 


rms amplitude of the fundamental 


Latch-up Free: See Latch-Up Proof. 


Latch-Up Proof: The device inputs and outputs are 
designed to withstand 200 mA surge currents without 
sustaining latch-up. 


Latch-Up: A state in which a low-impedance path results 
from and persists following an input, output, or supply 
overvoltage that triggers a parasitic structure. Latch-up 
is identified by supply current increases that remain after 


TOM’ 


removing the trigger source. Latch-up is rated by the 
trigger current applied to the tested terminal. 


Least Significant Bit (LSB): The bit that carries the 
smallest weight or value. Also refers to the smallest 
analog change that can be produced by the converter (a 
change of 1 digital input code). 


Monotonicity: A property of aDAC whose analog output 
either increases or stays the same for an increasing 
digital input. A DAC with a maximum DNL of +1 LSB is 
monotonic. 


Most Significant Bit (MSB): The digital input bit that 
carries the largest weight or value. 


Multiplying DAC: A DAC whose reference input can be 
changed. The DAC output becomes the product of the 
reference input and the digital output code. 


Offset Error: See Zero Code Error. 


Power-Supply Sensitivity: The sensitivity of a converter 
to changes in the power-supply voltages is normally 
expressed in terms of percent-of-full-scale change in 
analog output value per % dc change in the power supply 
voltage (e.g., 0.05%/1% AVS). Power supply sensitivity 
may also be expressed in relation to a specified dc shift of 
supply voltage. A converter may be considered “good?” if 
the change in reading at full scale does not exceed +1/2 
LSB for a 3% change in power supply. Even better 
performance is needed for converters designed for 
battery operation. 


Propagation Delay (Switching Time): The time between 
an input code change until the DAC output reaches 90% 
ofits final value. This is normally specified for a Full Scale 
output step. 


R-2R Ladder: A resistor ladder network in DAC and ADC 
circuits which generates binary-weighted voltages or 
currents. 


Relative Accuracy: Relative accuracy or endpoint 
nonlinearity is a measure of the maximum deviation from 
a straight line passing through the endpoints of the DAC 
transfer function. It is measured after adjusting for zero 


and full scale, and is normally specified in LSBs or asa 
percentage of Full Scale reading. 


Resolution: The maximum number of discrete analog 
increments thata DAC can make. A DAC with n-bits of 
resolution is capable of 2! increments. 


Settling Time: The time required for a DAC output to 
settle to within a specified range (usually +1/2 LSB) of 
the final value. 


Signal-to-Noise Ratio (SNR): The measured signal to 
noise at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of 
all the non-fundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization noise. The theoretical SNR for a sine wave 
is given by: 


SNR = (6.02N + 1.76) dB 


where N is the number of bits. Thus for an ideal 8-bit 
converter, SNR = 50cdB. 


Slew Rate (or Slewing Rate): The slew rate of a device or 
circuit is the maximum rate of change of output voltage. 
The output slewing speed of a voltage-output D/A 
converter is usually limited by the slew rate of the 
amplifier used at its output (if one is used). 


Stability: The stability of a converter usually applies to 
the insensitivity of its characteristics to time, 
temperature, etc. Stability vs. temperature is sufficiently 
critical in most applications to warrant universal inclusion 
of temperature coefficients in tables of specifications 
(see “Temperature Coefficient”). 


Temperature Coefficient (Tempco): The change in 
amount of nonlinearity that occurs as the operating 
temperature of the device changes. Usually specified as 
%/°C or ppm/°C for parameters such as Zero Error, 
Linearity, or Full Scale Gain. Applies to both DACs and 
ADCs. 


Zero Code Error: The DAC output (in mV or LSBs) when 
the digital input code set to zero. Also called Offset Error. 
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Absolute Accuracy: The difference between the 
expected digital output code and the actual output for a 
given range of inputs. 


Analog-to-Digital Converter (ADC): A device which 
converts an analog signal to a digital code. 


Bipolar: An ADC which accepts either polarity of input 
signal. 


Differential Nonlinearity (DNL): The worst case deviation 
from the ideal 1 LSB step between any two adjacent 
digital codes inan ADC. Differential Nonlinearity greater 
than 1 LSB will cause missing codes in an ADC, and a 
non-monotonic transfer function in a DAC. 


Gain Error: The difference between the actual and ideal 
ADC output measured with an analog multitude 1 1/2 
LSB below nominal full scale input. Specified as percent 
of FSR, or LSB. Also called Full Scale Error. 


Flash Converter: An ADC configured such that all bit 
comparisons are made simultaneously. The advantage 
of this scheme is high conversion speed. 


Integral Nonlinearity (INL): The worst case deviation 
from a line between the ADC end points (zero and Full 
Scale). Specified either in terms of LSBs or percent of 
Full Scale. 


Latch-up Free: See Latch-Up Proof. 


Latch-Up Proof: The device inputs and outputs are 
designed to withstand 200 mA surge currents without 
sustaining latch-up. 


Latch-Up: A state in which a low-impedance path results 
from and persists following an input, output, or supply 
overvoltage that triggers a parasitic structure. Latch-up 


Analog-to-Digital Converter Term 


is identified by supply current increases that remain after 
removing the trigger source. Latch-up is rated by the 
trigger current applied to the tested terminal. 


Least Significant Bit (LSB): The output bit that carries the 
smallest weight or value. Also refers to the amount of 
analog input change required to cause an output code 
change of 1. 


Most Significant Bit (MSB): The output bit that carries 
the largest weight or value. 


No Missing Codes: The ability of an ADC to generate 
every possible output code as the analog input is swept 
through its range. 


Ratiometric Conversion: A ratiometric converter derives 
the input signal from a reference voltage that is also used 
as a reference for the ADC. Typical applications include 
transducers and bridge circuits. 


Relative Accuracy: The deviation of the ADCs actual 
code transition points form a straight line drawn between 
the devices’ measured zero and measured full scale 
transition points. Relative Accuracy, therefore, is a 
measure of code position. Also called Integral 
Nonlinearity. 


Resolution: The maximum number of analog levels 
which can be resolved by the ADC. An ADC with n-bits of 
resolution is capable of 2" increments or levels. 


Sample and Hold: A circuit which when given a 
command instantly “samples” a changing input signal 
and outputs a DC signal representing the voltage level of 
the sampled input. 


Unipolar: An ADC which accepts only one polarity of 
input signal. 
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REGIONAL 


EXAR Corporation (Northwest) 
2222 Qume Drive 

P.O. Box 49007 

San Jose, CA 95161-9007 

(408) 434-6400 

FAX (408) 435-1233 


EXAR Corporation (Southwest) 
23 Riverrun 

Irvine, CA 92714 

(714) 559-6179 

FAX (714) 559-0697 


INTERNATIONAL 


EXAR Corporation 
(Northern Europe/U.K.) 
Orion House, 49 High Street 
Addlestone, Surrey KT15 1TU 
United Kingdom 
44-932-857315 

FAX 44-932-858761 


Regional and Internati 


ee 
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EXAR Corporation 
(South Central) 

P.O. Box 260527 
Plano, TX 75026-0527 
(214) 235-2699 

FAX (214) 235-2698 


EXAR Corporation 

(North Central) 

800 E. Northwest Hwy., Suite 728 
Palatine, IL 60067 

(708) 705-3832 

FAX (708) 705-3852 


EXAR Corporation (Japan) 
3-18-9 Shin- Yokohama, 
Kohoku-Ku 

Yokohama-Shi, Kamagawa 222 
Shin-Yokohama IC Bldg 2F 
Japan 

81-45-472-4349 

FAX 81-45-472-4601 


onal Sales hee 


eH 


EXAR Corporation (Northeast) 
33 Boston Post Rd., West 

Suite 270 

Marlborough, MA 01752 

(508) 624-4400 

(508) 624-0799 


EXAR Corporation 
(Mid-Atlantic & Southeast) 
293 Sentinel Ave. 

Newtown, PA 18940 

(215) 579-7542 

FAX (215) 579-7543 


EXAR Corporation (France) 
29 Rue du President Kennedy 
91440 Bures/Yvette 

France 

33-1-692-83131 

FAX 33-1-692-86960 
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ALABAMA 


Interep Associates 
29000 Hwy. 98, Bldg. A 
Suite 203 

Daphne, AL 36526 
(205) 621-1036 

FAX (205) 621-1038 


Interep Associates 
2107 West Ferry Way 
Huntsville, AL 35801 
(205) 881-1096 

FAX (205) 881-1182 


ALASKA 


Call EXAR San Jose 
(408) 434-6400 


ARIZONA 

System Sales Of Arizona 
540 West Iron, Suite #106 
Mesa, AZ 85210 

(602) 464-9989 

FAX (602) 464-9701 


ARKANSAS 
See Texas 


CALIFORNIA (SOUTHERN) 
Eagle Technical Sales 

1900 Sunset Dr. #A 
Escondido, CA 92025 

(619) 743-6550 

FAX (619) 743-6585 


CALIFORNIA 


(LOS ANGELES) 
See EXAR Corporation — 
Southwest 


CALIFORNIA (NORTHERN) 
Call EXAR San Jose 
(408) 434-6400 


COLORADO 


See EXAR Corporation — 
South Central 


CONNECTICUT 


See EXAR Corporation — 
Northeast 


DELAWARE 
See Maryland 


FLORIDA 


Micro-Electronic Components 
400 Fairway Dr., Suite 107 
Deerfield Beach, FL 33441 
(305) 426-8944 

FAX (305) 570-8568 


Micro-Electronic Components 
1305 Raintree Place 

Winter Park, FL 32789 

(407) 740-0023 

FAX (407) 740-0083 


Micro-Electronic Components 
10637 Harborside Dr., N. 
Largo, FL 34643 

(813) 393-5011 

FAX (813) 393-5202 


GEORGIA 


Interep Associates 

6855 Jimmy Carter Blvd. 
Suite 2440 

Norcross, GA 30071 
(404) 449-8680 

FAX (404) 447-1046 


IDAHO 
See Utah 


ILLINOIS 


See EXAR Corporation — 
North Central 


INDIANA 


Schillinger Associates, Inc. 
2297 E. Boulevard 
Kokomo, IN 46902 

(317) 457-7241 

FAX (317) 457-7732 


IOWA 


GM Brown, Inc. 

2407 Buckingham Dr. NW 
Suite 311 

Cedar Rapids, IA 52405 
(319) 390-3003 

FAX (319) 396-3859 


KANSAS 


DLE Electronics 
6572 East Central 
Suite 103 

Witchita, KS 67206 
(316) 683-6400 

FAX (316) 683-9367 


KENTUCKY 
See Ohio 


LOUISIANA 
See Texas 


MAINE 
See Massachusetts 


MARYLAND 


Chesapeake Technology, Inc. 


14808 Fothergil Ct. 
Burtonsville, MD 20866 
(301) 236-0530 

FAX (301) 384-9596 


MASSACHUSSETTS 


A/D Sales 

1057 East Street 
Tewksbury, MA 01876 
(508) 851-5400 

FAX (508) 851-5555 


MICHIGAN 


Electronic Sources, Inc. 
8002 West Grand River 
Suite B 

Brighton, MI 48118-9305 
(810) 227-3598 

FAX (810) 227-5655 


MINNESOTA 


Customer 1st 

2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612) 851-7909 

FAX (612) 851-7907 


MISSISSIPPI 
See Alabama 


MISSOURI 


G.M. Brown, Inc. 

2615B North Highway 67 
Florissant, MO 63033 
(314) 839-3600 

FAX (314) 839-3601 


MONTANA 
See Colorado 


NEBRASKA 
See Kansas 


NEVADA 
Call EXAR San Jose 
(408) 434-6400 


NEW HAMPSHIRE 
See Massachusetts 
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NEW JERSEY (NORTHERN) 
Comp Tech Sales 

232 Boulevard, Suite 11 
Hasbrouck Heights, NJ 
07604-1902 

(201) 288-7400 

FAX (201) 288-7583 


NEW JERSEY (SOUTHERN) 
See New York City 


NEW MEXICO 


System Sales Of Arizona 
2403 San Mateo, NE 
Suite W-5 

Albuquerque, NM 87110 
(505) 889-2901 

FAX (505) 889-2749 


NEW YORK (UPSTATE) 
Quality Components 

116 E. Fayette Street 
Manlius, NY 13104 
(315) 682-8885 

FAX (315) 682-2277 


Quality Components 
451 Brookwood Dr. 
Webster, NY 14580 
(716) 787-9687 

FAX (716) 787-9146 


NEW YORK CITY 


See EXAR Corporation — 
Northeast 


NORTH CAROLINA 
Zucker Associates, Inc. 
4070 Barrett Drive 
Raleigh, NC 27609 
(919) 782-8433 

FAX (919) 782-8476 


NORTH DAKOTA 
See Minnesota 
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OHIO 


Midwest Marketing Assoc. 
5001 Mayfield Rd., Suite 212 
Lyndhurst, OH 44124 

(216) 381-8575 

FAX (216) 381-8857 


Midwest Marketing Assoc. 
30 Marco Lane 

Dayton, OH 45458 

(513) 433-2511 

FAX (513) 433-6853 


OKLAHOMA 


Quad State Sales 

110 W. Commercial, Suite 210 
Broken Arrow, OK 74013 
(918) 258-7723 

FAX (918) 258-7653 


OREGON 


Sales Tech Assoc. 

14105 Taylor Crest Lane 
Lake Oswego, OR 97035 
(503) 636-9559 

FAX (503) 636-1694 


PENNSYLVANIA 


C.M.S. Sales & Marketing 
527 Plymouth Rd., Suite 240 
Plymouth Meeting, PA 19462 
(610) 834-6840 

FAX (610) 834-6848 


RHODE ISLAND 


See Massachusetts 


SOUTH DAKOTA 


See Minnesota 


TENNESSEE 


Interep Associates 

411 Village Dr., Suite D 
Greenville, TN 37743 
(615) 639-3491 

FAX (615) 639-0081 


TENNESSEE (EAST) 
See North Carolina 


TEXAS 


Quad State Sales 
12160 Abrams Road 
Suite 406 

Dallas, TX 75243 
(214) 669-8567 

FAX (214) 669-8834 


Quad State Sales 
10565 Katy Freeway 
Suite 212 

Houston, TX 77024 
(713) 467-7749 

FAX (713) 467-5942 


Quad State Sales 

8310 Capitol Of Texas Hwy 
North, Suite 365 

Austin, TX 78731 

(512) 346-7002 

FAX (512) 346-3601 


UTAH 


See EXAR Corporation — 
South Central 


VERMONT 


See Massachusetts 


VIRGINIA 


Chesapeake Technology, Inc. 
12616 Easthampton Dr. 
Midlothian, VA 23113 

(804) 379-1816 

FAX (804) 379-3474 


WASHINGTON 


Sales Tech Assoc. 

8275 166th Ave. N.E. 

Suite 101, POB 407 
Redmond, WA 98073-0407 
(206) 869-5412 

FAX (206) 883-8322 


WASHINGTON D.C. 
See Maryland 


WEST VIRGINIA 


See EXAR Corporation — 
Mid-Atlantic & Southeast 


WISCONSIN (SOUTHEAST) 
See EXAR Corporation — 
North Central 


WISCONSIN (WEST) 


See Minnesota 


WYOMING 
See Colorado 


CANADA 


Clark-Hurman Associates 
308 Palladium Dr., Suite 200 
Kanata, Ontario 

K2V 1A1 Canada 

(613) 599-5626 

FAX (613) 599-5707 


Clark-Hurman Associates 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
HOR 2V4 Canada 

(514) 426-0453/0454 
FAX (514) 426-0455 


Clark-Hurman Associates 
20 Regan Road, Unit #14 
Brampton, Ontario 

L7A 1C3 Canada 

(905) 840-6066 

FAX (905) 840-6091 


PUERTO RICO 


MEC/Caribe 

P.O. Box 5038 

Caguas, Puerto Rico 00726 
(809) 746-9897 

FAX (809) 746-9441 
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Authorized Distributors 


ALABAMA 


Bell Industries 

555 Sparkman Dr., Suite 600 
Huntsville, AL 35816 

(205) 430-3150 


Future Electronics 

4835 University Dr., Suite 12 
Huntsville, AL 35816 

(205) 830-2322 


Milgray Elect., Inc. 

5021 Bradford Dr., Suite 202 
Huntsville, AL 35805 

(205) 722-9709 


Nu Horizons 

4835 University Square 
Suite 10 

Huntsville, AL 35816 
(205) 722-9330 


ALASKA 


Call EXAR San Jose 
(408) 434-6400 


ARIZONA 


A.V.E.D. 

7741 E. Gray Rd. 
Scottsdale, AZ 85260 
(602) 951-9788 


Bell Industries 

140 S. Lindon Lane #102 
Tempe, AZ 85281 

(602) 966-3600 


Future Electronics 
4636 E. University #245 
Phoenix, AZ 85034 
(602) 968-7140 


Sterling Electronics 

3312 East Broadway Road 
Phoenix, AZ 85040 

(602) 437-5565 


CALIFORNIA (NORTHERN) 
Bell Industries 

1161 N. Fairoaks Ave 
Sunnyvale, CA 94086 

(408) 734-8570 


Bell Industries 

4311 Anthony Ct., Suite 100 
Rocklin, CA 95677 

(916) 652-0418 


Future Electronics 
2220 O'Toole Ave 
San Jose, CA 95131 
(408) 434-1122 


Future Electronics 

755 N. Sunrise, Suite 150 
Roseville, CA 95678 
(916) 783-7877 


Jaco Electronics, Inc. 
1610-A Berryessa Rd. 
San Jose, CA 95133 
(408) 928-1600 


Milgray Elect., Inc. 

2860 Zanker Rd., Suite 209 
San Jose, CA 95134 

(408) 456-0900 

(800) 442-0946 


Nu Horizons 

2070 Ringwood Ave. 
San Jose, CA 95131 
(408) 434-0800 


Sterling Electronics 
2155 Bering Drive 
San Jose, CA 95131 
(408) 435-0835 


CALIFORNIA (SOUTHERN) 
A.V.E.D. 

1545 E. Acequia, Suite A 
Visalia, CA 93291 

(209) 734-8865 


CALIFORNIA. 


(SOUTHERN CONT'D) 
A.V.E.D. 

14192 Chambers Rd. 
Tustin, CA 92680 

(714) 573-5000 


A.V.E.D. 

5752 Obelin Dr. Suite 105 
San Diego, CA 92121 
(619) 558-8890 


Bell Industries 

220 Technology Dr., Suite 100 
Irvine, CA 92718 

(714) 727-4500 


Bell Industries 

11812 San Vincente Blvd., 
#300 

Los Angeles, CA 90049 

(310) 826-2355 


Bell Industries 

5520 Ruffin Rd., Suite 103 
San Diego, CA 92123 
(619) 576-3290 


Bell Industries 

30101 Agoura Ct., Suite 118 
Agoura Hills, CA 91301 
(818) 865-7900 


Future Electronics 
27489 West Agoura Rd. 
Agoura Hills, CA 92122 
(818) 865-0040 


Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
(714) 250-4141 


Jaco Electronics, Inc. 

2282 Townsgate Rd. 
Westlake Village, CA 91361 
(805) 495-9998 


Jaco Electronics, Inc. 
1541 Parkway Loop #A 
Tustin, CA 92680 

(714) 258-9003 


CALIFORNIA 
(SOUTHERN CONT’D) 


Jan Devices 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
(818) 708-1100 


Milgray Elect., Inc. 

25 Maunchly, Suite 329 
Irvine, CA 92718-2329 
(714) 753-1282 

(800) 468-9277 


Milgray Elect., Inc. 
6885 Flanders Ave. 
San Diego, CA 92121 
(619) 457-7545 


Milgray Elect., Inc. 

275 Hillcrest Dr., Suite 145 
Thousand Oaks, CA 91360 
(805) 371-9399 

(800) 635-7812 


Sterling Electronics 

9340 Hazard Way, Suite 3A 
San Diego, CA 92123 
(619) 560-8097 


Sterling Electronics 

31200 Via Colinas, Suite 110 
Westlake, CA 91362 

(818) 865-2333 


Sterling Electronics 

15215 Alton Pkwy., Suite 100 
Irvine, CA 92718 

(714) 453-7660 


COLORADO 

AN.E.D. 

4090 Youngfield St 
Wheatridge, CO 80083 
(303) 422-1701 


Bell Industries 

1873 S. Bellaire Ave. 
Suite 100 

Denver, CO 80222 
(303) 691-9270 


TOM 


COLORADO (CONT’D) 
Future Electronics 
12600 West Colfax Ave. 
Suite B110 

Lakewood, CO 80215 
(303) 232-2008 


Jaco Electronics, Inc. 
P.O. Box 471 

Erie, CO 80516 
(303) 828-3074 


Milgray Elect., Inc. 

5650 D T C Pkwy., Suite 202 
Englewood, CO 80111 

(303) 721-7702 


Sterling Electronics 
8200 South Akron St. 
Suite 111 

Englewood, CO 80112 
(303) 792-3939 


CONNECTICUT 


Bell Industries 

1064 East Main Street 
Meriden, CT 6450 
(203) 639-6000 


Future Electronics 
700 W. Johnson Ave. 
Chesshire, CT 6410 
(203) 250-0083 


Milgray Elect., Inc. 
Milford Plains Office Park 
326 W. Main St. 

Milford, CT 06460-0418 
(203) 878-5538 

(800) 922-6911 


Sterling Electronics 
39 Capital Drive 
Wallingford, CT 6492 
(203) 265-9535 


DELAWARE 
See Pennsylvania 
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FLORIDA 


Bell Industries 

650 So. Northlake Blvd. 
Suite 400 

Altamonte Springs, FL 32701 
(407) 339-0078 


Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
(407) 298-7100 


Future Electronics 

2200 Tall Pines Dr., Suite 108 
Largo, FL 34641 

(813) 530-1222 


Future Electronics 

1400 E. Newport Center 
Suite 200 

Deerfield, FL 33442 
(305) 426-4043 


Future Electronics 

237 S. Westmonte Dr. 

Suite 307 

Altamonte Springs, FL 32701 
(407) 865-7900 


Jaco Electronics, Inc. 
9900 W. Sample Rd. 
Suite 404 

Coral Springs, FL 33065 
(305) 341-8280 


Milgray Elect., Inc. 

755 Rinehart Rd., Suite 100 
Lake Mary, FL 32746 

(407) 321-2555 


Nu Horizons 

3421 N.W. 55th Street 
Ft. Lauderdale, FL 33309 
(305) 735-2555 


Nu Horizons 

600 S. North Lake Blvd. 
Suite 270 

Altamonte Springs, FL 32701 
(407) 831-8008 


(800) 322-6271 


Se 


GEORGIA 


Bell Industries 

3000 Business Park Dr. 
Norcross, GA 30071 
(404) 466-7167 


Future Electronics 
3150 Holcomb Bridge 
Suite 130 

Norcross, GA 30071 
(404) 441-7676 


Milgray Elect., Inc. 

3000 Northwoods Pkwy. 
Suite 115 

Norcross, GA 30071-1545 
(404) 446-9777 

(800) 241-5523 


Nu Horizons 

5555 Oakbrook Pkwy. 
Suite 370 

Norcross, Ga 30093 
(404) 416-8666 


Sterling Electronics 
5555 Oakbrook Pkwy. 
Suite 350 

Norcross, GA 30093 
(404) 441-0449 


IDAHO 
See Washington 


ILLINOIS 


Bell Industries 
870 Cambridge Drive 


Elk Grove Village, IL 60007 


(708) 640-1910 


Future Electronics 

3150 W. Higgins Rd. 

Suite 160 

Hoffman Estates, IL 60195 
(708) 882-1255 


Milgray Elect., Inc. 
1530 E. Dundee Rd. 
Suite 310 

Palatine, IL 60067-8319 
(708) 202-1900 
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ILLINOIS (CONT’D) 
Sterling Electronics 

2050 Algonquin, Suite 608 
Schaumburg, IL 60173 
(708) 303-9900 


INDIANA 


Bell Industries 

525 Airport North Office Pk. 
Fort Wayne, IN 46825 
(219) 422-4300 


Bell Industries 

5230 West 79th 
Indianapolis, IN 46268 
(317) 875-8200 


Future Electronics 

8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
(317) 469-0447 


Milgray Elect., Inc. 
5226 Elmwood Ave. 
Indianapolis, IN 46203 
(317) 781-9997 


IOWA 
See Illinois 


KANSAS 


Future Electronics 

8826 Santa Fe Dr., Suite 150 
Overland Park, KS 66212 
(913) 649-1531 


Milgray Elect., Inc. 

6400 Glenwood, Suite 313 
Overland Park, KS 
66202-4021 

(913) 236-8800 

(800) 255-6576 


Sterling Electronics 
14635 W. 95th 
Lenexa, KS 66215 
(913) 492-5406 
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KENTUCKY 
See Indiana 


LOUISIANA 
See Texas 


MAINE 
See Massachusetts 


MARYLAND 


Bell Industries 

8945 Guilford Rd., Suite 130 
Columbia, MD 21046 

(410) 290-5100 


Future Electronics 
6716 Alexander Bell Dr. 
Suite 101 

Columbia, MD 21046 
(410) 290-0600 


Jaco Electronics, Inc. 
Rivers Center 

10270 Old Columbia Rad. 
Columbia, MD 21046 
(410) 995-6620 


Milgray Elect., Inc. 

6460 Dobbin Rd., Suite 
Columbia, MD 21045-5813 
(410) 730-6119/800-638-6656 


Nu Horizons 

8965 Guilford Rd., Suite 160 
Columbia, MD 21046 

(410) 995-6330 


Sterling Electronics 

6304 Woodside Ct., Suite 115 
Columbia, MD 21046-1071 
(301) 290-3800 


MASSACHUSSETTS 


Bell Industries 

100 Burtt Rd., Suite 106 
Andover, MA 01810 
(508) 623-3200 
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MASSACHUSSETTS 
(CONT’D) 

Future Electronics 

41 Main Street 
Bolton, MA 01740 
(508) 779-3000 » 


Jaco Electronics, Inc. 
1053 East Street 
Tewksbury, MA 01876 
(508) 640-0010 


Milgray Elect., Inc. 
Ballardvale Park 
187 Balladvale St. 


Wilmington, MA 01887-1046 


(508) 657-5900 
(800) 648-3595 


Nu Horizons 

19 Corporate PI. 

107 Audubon Rad., Bldg. 1 
Wakefield, MA 01880 
(617) 246-4442 


Sterling Electronics 
15 D Constitution Way 
Woburn, MA 01808 
(617) 938-6200 


MICHIGAN 


Future Electronics 

4505 Broadmoor S.E. 
Grand Rapids, MI 49512 
(616) 698-6800 


Future Electronics 
35200 Schoolcraft Rd., 
Suite 106 

Livonia, MI 48150 
(313) 261-5270 


MINNESOTA 


Future Electronics 
10025 Valley View Rd. 
Suite 196 

Eden Prairie, MN 55344 
(612) 944-2200 


MINNESOTA (CONT'D) 
Jaco Electronics, Ind. 
10340 Viking Dr., Suite 11 
Eden Prairie, MN 55344 
(612) 941-2757 

(800) 844-5226 


New Horizons’ Electronics 
Corp. 

6955 Washington Ave., S. 
Edina, MN 55439 


(612) 942-9030 


Sterling Electronics 
5000 W. 78th Street 
Minneapolis, MN 55435 
(612) 831-2666 


MISSISSIPPI 
See Georgia 


MISSOURI 


Future Electronics 

12125 Wocdcrest, Executive 
Dr. Suite 220 

St. Louis, MO 63141 

(314) 469-6805 


MONTANA 


Call EXAR San Jose 
(408) 434-6400 


NEBRASKA 


See Missouri 


NEVADA 


See California 


NEW JERSEY 


Bell Industries 

271 Route 46 West 
Fairfield, NJ 7004 
(201) 227-6060 


Future Electronics 
1259 Route 46E 
Parsippany, NJ 7054 
(201) 299-0400 
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NEW JERSEY (CONT’D) 
Future Electronics 

12 East Stow Rd, Suite 200 
Marlton, NJ 8053 

(609) 596-4080 


Milgray Elect., Inc. 

3001 Greentree 
Campus Suite C 
Marlton, NJ 08053-1551 
(609) 983-5010 


Exec. 


Milgray Elect., Inc. 

3799 Rt. 46 East, Suite 303 
Parsippany, NJ 07054-1273 
(201) 335-1766 

(800) 622-0291 


Nu Horizons 

18000 Horizon Way, Suite 200 
Mt. Laurel, NJ 08054 

(609) 231-0900 


Nu Horizons 

39 US Route 46 

Pine Brook, NJ 07058 
(201) 882-8300 


Sterling Electronics 

16000 Horizon Way, Suite 800 
Mt. Laurel, NU 08054 

(609) 273-6420 


Sterling Electronics 

85 Campus Plaza Drive 
Edison, NJ 08837 

(908) 417-1000 


NEW MEXICO 


Bell Industries 

11728 Linn Ave N.E. 
Albuquerque, NM 87123 
(505) 292-2700 


NEW MEXICO (CONT'D) 
Sterling Electronics 

3540-D Pan American Fwy, 
NE 

Albuquerque, NM 87107 
(505) 884-1900 
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NEW YORK 


Future Electronics 

200 Salina Meadow Pkwy. 
Suite 130 

Syracuse, NY 13212 
(315) 451-2371 


Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
(716) 387-9550 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 
(516) 234-4000 


Jaco Electronics, Inc. 
145 Oser Avenue 
Hauppauge, NY 11788 
(516) 273-5500 


Milgray Elect., Inc. 

77 Schmitt Blvd. 
Farmingdale, NY 11735-1410 
(516) 420-9800 


Milgray Elect., Inc. 

One Corporate Place, 
1170 _— Pittsford-Victor 
Suite 200 

Pittsford, NY 14534-3807 
(716) 381-9700 


Rd., 


Nu Horizons 

333 Metro Park 
Rochester, NY 14623 
(716) 292-0777 


Nu Horizons 

6000 New Horizons Blvd. 
Amityville, NY 11701 
(516) 226-6000 


NORTH CAROLINA 


Future Electronics 

5225 Capital Blvd. 

1 North Commerce Center 
Raleigh, NC 27604 

(919) 790-7111 


NORTH CAROLINA 
(CONT’D) 

Future Electronics 

8401 University Exec. Park 
Suite 108 

Charlotte, NC 28262 

(704) 547-1107 


Jaco Electronics, Inc. 
5206 Greens Dairy Rd 
Raleigh, NC 27604 
(919) 876-7767 


Milgray Elect., Inc. 

2925 Huntleigh Dr., Suite 101 
Raleigh, NC 27604-3374 
(919) 790-8094 


Sterling Electronics 

2725 Millbrook Rd., Suite 101 
Raleigh, NC 27604 

(919) 790-8634 


OHIO 


Bell Industries 

444 Windsor Park Dr. 
Dayton, OH 45459 
(513) 485-5922 


Bell Industries 

31200 Solon Rd. Unit 11 
Solon, Oh 44139 

(216) 498-2002 


Future Electronics 

6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
(216) 449-6996 


Future Electronics 

1430 Oak Court, Suite 303 
Beavercreek, OH 45430 
(513) 426-0900 


Milgray Elect., Inc. 

6155 Rockside Rd., Suite 206 
Cleveland, OH 44131-2289 
(216) 447-1520 


OHIO (CONT'D) 

Nu Horizons 

6200 Som Center Rd. 
Suite A-15 

Solon, OH 44139 
(216) 349-2008 


Sterling Electronics 

Four Commerce Park 

Suite 600, 6557 A Cochran Rd 
Solon, OH 44122 

(216) 248-1122 


OKLAHOMA 


Sterling Electronics 

5119 S. 110 TH East Ave. 
Tulsa, Ok 74146 

(918) 663-2410 


OREGON 


Bell Industries 

9275 S.W. Nimbus Rd 
Beaverton, OR 97005 
(503) 644-3444 


Future Electronics 

Cornell Oaks Corp. Ctr. 
15236 NW Greenbrier Pkwy. 
Beaverton, OR 97006 

(503) 645-9454 


Jaco Electronics, Inc. 

4900 SW Griffith Dr., Suite 129 
Beaverton, OR 97005 

(503) 626-1439 

(800) 245-5226 


Milgray Elect., Inc. 

11000 SW Stratus, Suite 330 
Beaverton, OR 97008 

(503) 626-4040 


Sterling Electronics 

6160 Southwest Arctic Dr. 
Beaverton, OR 97005 
(503) 643-9090 
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PENNSYLVANIA 


Bell Industries 

158 Gaither Dr., Suite 110 
Mt. Laurel, NJ 08054 
(609) 439-8860 


RHODE ISLAND 
See Massachusetts 


SOUTH CAROLINA 
See North Carolina 


TEXAS 


Bell Industries 

1701 Greensville, #306 
Richardson, TX 75081 
(214) 690-9096 


Future Electronics 

9020 II Capital TX Hwy N. 
Suite 610 

Austin, TX 78759 

(512) 502-0991 


Future Electronics 
10333 Richmond Ave. 
Suite 970 

Houston, TX 77042 
(713) 785-1155 


Future Electronics 

800 E. Campbell, Suite 130 
Richardson, TX 75801 
(214) 437-2437 


Jaco Electronics, Inc. 
1209 North Glenville Dr 
Richardson, TX 75081 
(214) 234-5565 


Jaco Electronics, Inc. 
2120 A. Braker Lane 
Austin, TX 78758 
(512) 835-0220 
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TEXAS (CONT’D) 
Milgray Elect., Inc. 
16610 N. Dallas Pkwy 
Suite 1300 

Dallas, TX 75248-2617 
(214) 248-1603 


Milgray Elect., Inc. 

11824 Jollyville Rd., Suite 103 
Austin, TX 78759 

(512) 331-9961 


Milgray Elect., Inc. 
12919 S.W. Freeway 
Suite 130 

Stafford, TX 77477-4113 
(713) 240-5360 

(800) 962-1849 


Nu Horizons 

2081 Hutton Dr., Suite 119 
Carrollton, TX 75006 
(214) 488-2255 


Sterling Electronics 

4201 Southwest Freeway 
Houston, TX 77027 

(713) 627-9800 


Sterling Electronics 
1210 Champion Circle 
Suite A100 

Carrollton, TX 75006 
(214) 243-1600 


Sterling Electronics 

11500 Metric Blvd., Suite 495 
Austin, TX 78758 

(512) 836-1341 


UTAH 


A.V.E.D. 

942 East, 7145 South, 
Suite A101 

Midvale, UT 84047 
(801) 565-8300 


UTAH (CONT’D) 

Bell Industries 

6912 S. 185 West, Suite B 
Midvale, UT 84047 

(801) 561-9691 


Future Electronics 

3450 South Highland Dr. 
Suite 301 

Salt Lake City, UT 84106 
(801) 467-4448 


Milgray Elect., Inc. 

310 E. 4500 South, Suite 110 
Murray, UT 84107 

(801) 261-2999 

(800) 537-9739 


Sterling Electronics 
1615 West 2200 South 
Salt Lake City, UT 84119 
(801) 972-5444 


VERMONT 


See Massachusetts 


VIRGINIA 


See Maryland 


WASHINGTON 


Bell Industries 

1715 114th Ave N.E. #208 
Bellevue, WA 98004. 

(206) 646-8750 


Future Electronics 

19102 North Creek Pkwy. 
Suite 118 

Bothell, WA 98011 

(206) 489-3400 


WASHINGTON (CONT’D) 
Jaco Electronics, Inc. 
17220 127th Place 

N.E., Suite 300 
Woodinville, WA 98072 
(206) 481-3372 

(800) 245-5226 


WEST VIRGINIA 
See Virginia 


WISCONSIN 


Bell Industries 

W. 226 N. 900 Eastmound Dr. 
Waukesha, WI 53186 

(414) 547-8879 


Future Electronics 

250 N. Patrick Blvd., Suite 170 
Brookfield, WI 53045 

(414) 879-0244 


WYOMING 
See Colorado 


CANADA 


Future Electronics 
237 Hymus Blvd 
Pointe Claire, Quebec 
HOR 5C7 

(514) 694-7710 


Future Electronics 
4606-97th Street 
Edmonton, Alberta 
T6E 5N9 

(403) 438-2858 


Future Electronics 
3833-29th Street NE 
Calgary, Alberta 
T1Y 6B5 

(403) 250-5550 


CANADA (CONT’D) 
Future Electronics 

5935 Airport Rd., Suite 200 
Mississuga, Ontario 

L4V 1W5 

(905) 612-9200 


Future Electronics 
1695 Boundary Rd. 
Vancouver 

V5K 4X7 

(604) 294-1166 


Future Electronics 
1050 Baxter Rd. 
Ottawa, Ontario 
K2C 3P2 

(613) 820-8313 


Future Electronics 

1000 Ave. St. Jean Baptiste 
Suite 100 

Quebec 

GZE 5G5 

(418) 877-6666 


Future Electronics 

106 King Edward St. East 
Winnipeg, Manitoba 

R3H ON8 

(204) 786-7711 


Milgray Elect., Inc. 
2783 Thamesgate Dr. 
Mississauga, Ontario 
L4T 1G5 

(416) 678-0958 


Milgray Elect., Inc. 

6600 Trans Canada Hwy. 
Suite 209 

Pointe Claire, Quebec 
HOR 482 

(514) 426-5900 


AUSTRALIA 

Braemac Pty. Ltd. 

Unit 1/59-61 Burrows Rd. 
Alexandria NSW 2015 
Australia 

61-2-5506600 

FAX 61-2-5506377 


AUSTRIA 

Transohm Vertriebs GmbH 
Kolbegasse 68 

A-1232 Wien 

Austria 

43-1-610660 

FAX 43-1-6106614 


BELGIUM 

Nijkerk Elektronika 
Drentestraat 7 
1083HK Amsterdam 
Holland 
31-20-5-495969 

FAX 31-20-6-423948 


BRAZIL 

Rohm Industria Electronica, 
Ltd 

Rue Alessandro 

Volta, 1104576 

Sao Paulo SP 

Brazil 

55-11-2409211 

FAX 55-11-2413382 


DENMARK 

Mer-el A/S 

Ved Klaedebo 18 
DK-2970 Horsholm 
Denmark 
45-42-571000 

FAX 45-42-572299 


FINLAND 

Oy Tavron 

Takkatie 7A 
ASF-00370 Helsinki 
Finland 
358-0506-2154 
358-0506-2543 
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FRANCE 

Rohm Electronics 

24 Rue Saarinen 

Silic 224, F-94528 Rungis 
Cedex 

Paris, France 

33-146759551 

FAX 33-146750047 


Tekelec Airtronic 

5 Rue Carle Vernet 
BP29315 Sevres Cedex 
France 

331-25811190 

FAX 331-25807692 


GERMANY 


Dacom Elect. Vertriebs GmbH 
Freisinger Strasse 87 
D-85737 
Ismaning-Fischerhaeuser 
Germany 

49-89-9965490 

FAX 49-89-964989 


MEV 

Heinrich-Hasemeier - Str. 26 
49076 Osnabrueck 
Germany 

541-139080 

FAX 541-1390839 


Micronetics 
Dieselstrasse 12 
D-71272 Rennigen 
Germany 
49-07159-925830 

FAX 49-07159-9258355 


Rohm Electronics GmbH 
Karl-Arnold-StraBe 15 
D-47877 Willich-Munchheide 
Germany 

49-2154-9210 

FAX 49-2154-921400 


11-13 


HONG KONG/PRC 

Rohm Electronics Co. Ltd. 
Room 1205-6, Tower 1, 
Silvercord, 30 Canton Road 
Tsimshatsui 

Kowloon, Hong Kong 
852-2375-6262 

FAX 852-2375-8971 


INDIA 

Samura Electronics PVT., Ltd 
23-122, Plot 189, Bhoodevi 
Nagar 

Secunderabad, A.P. Pin 500 
015 

91-40-862453 

FAX 91-40-862453 


Spectra Innovations Inc. 

708 Montague Expwy, Suite 
280 

San Jose, CA 95131-1316 
U.S.A. 

408-954-8474 

FAX 408-954-8399 


ISRAEL 

Startronics 

7, Derech Hashalom 
Tel Aviv 67892 
Israel 

972-3-260148 

FAX 972-3-6960255 


ITALY 

Claitron S.P.A. 

Viale Fulvio Testi 280/B 
1-20126 Milano 

Italy 

39-2661491 

FAX 39-2-66105666 


JAPAN 

Tokyo Electron Ltd. 

TBS Broadcasting Center 

3-6 Akaska 5-Chome, 
Minato-Ku 

Tokyo 107 

Japan 

81-3-5561-7228 

FAX 81-3-5561-7391 


Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3-2-12 Hongo, Bunkyo-Ku 
Tokyo, Japan 113 
81-3-3814-1416 

FAX 81-3-3814-1414 


KOREA 

HB Corp. 

3rd Floor Tae Jeong Bidg. 
420-16 Dokok Dong, 
Kangnam-Ku 

Seoul 135-270 

Korea 

82-2-579-5577 

FAX 82-2-579-6919 


MALAYSIA 

Exer Technologies SDN. BHD 
33-3-3 Halaman York 
Georgetown, 10450 Penang 
Malaysia 

604-228-9130 

FAX 604-228-9131 


THE NETHERLANDS 
Nijkerk Elektronika 
Drentestraat 7 
NL-1083HK Amsterdam 
Holland 

31-20-5495969 

FAX 31-20-6423948 


NORWAY 

Berendsen 

P.O. Box 9376 - Gronland 
N-0135 Oslo 

Norway 

47-22676800 

FAX 47-22677380 


PORTUGAL 

Niposom J. Nabais LDA 
Rua Humberto Cruz, 4 
1900 Lisboa 

Portugal 

351-1-896610 

FAX 351-1-809517 


SINGAPORE 


Exer Technologies Pte., Ltd. 


629 Aljunied Road #03-20 
Cititech Industrial Bldg. 
Singapore 1438 
65-741-4655 

FAX 65-741-2971 


SPAIN 


Unitronics, SA 
Plaza Espana, 18 
28008 Madrid 
Spain 
34-1-542-5204 

FAX 34-1-548-4228 


SOUTH AFRICA 


Fairmont 

295 Kent Ave. 

Ferndale, Randburg 2125 
South Africa 
27-11-8862920 

FAX 27-11-8862929 


SOUTH AMERICA 
Intectra, Inc. 

2629 Terminal Blvd. 
Mountain View, CA 94043 
U.S.A. 

415-967-8818 

FAX 415-967-8836 


SWEDEN 

Setron 
Grimstadatan 160 
S-162 11 Vallingby 
Sweden 
46-8-759-3570 
FAX 46-8-739-8580 


SWITZERLAND 
Anatec A.G. 
Sumpfstrasse 7 
CH-6300 Zug 
Switzerland 
41-42-412441 

FAX 41-42-413124 


TAIWAN 

Helm Engineering & Trading 
4f,658, Tun Hua S. Rd., Sec. 2 
Taipei 

Taiwan R.O.C. 
886-2-709-1888 

FAX 886-2-706-0465 


Marrow Electronics Corp. 
10F-3, No. 510 
Chung-Hsiao 

E. Rd., Sec. 5 

Taipei, Taiwan 
886-2-728-3005 

FAX 886-2-728-2131 


TURKEY 

Inter Muh.Dan.Vetic A.S. 
Hasircibasi Cad No.55 
81310 Kadikoy 

Istanbul 

Turkey 

90-1-3499400 

FAX 90-1-3499431 


UNITED KINGDOM 

Sabre Advanced Microelect. 
Ltd. 

Mead House 

London Road 

Bentley, Farnham 

Surrey GU10 5LP 

United Kingdom 
44-0420-22004 

FAX 44-4202-2008 
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~d EXGAR . the analog plus company™ 


EXAR Corporation 

2222 Qume Drive, P.O. Box 49007 

San Jose, CA 95161-9007 

(408) 434-6400, Fax (408) 943-8245 
Worldwide Web Site: http://www.exar.com 


TOM logo and “...the analog plus company” are trademarks 
of EXAR Corporation. 

All trademarks and registered trademarks are property of 
their respective owners. 
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